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Part 1. Signed Statements and Certification

1.1 Basis of GRAS Status Claim

In accordance with the Section 201(s) of the Food, Drug, and Cosmetic Act (FD&C Act), and pursuant
to 21 CFR §170 Subpart E, Japan Bio Science Laboratory-USA, Incorporated (hereinafter "JBSL-USA")
has concluded that Ashitaba Chalcone Powder (8%), manufactured according to Current Good
Manufacturing Practices (CGMP), and which meets the specifications described in Part 2 of this
dossier, is Generally Recognized as Safe (GRAS) under the conditions of its intended use.

JBSL-USA's GRAS conclusion is based on scientific procedures. A literature search was conducted
through May 17, 2021 to identify any scientific or requlatory publications regarding the safety and
toxicity of Ashitaba Chalcone Powder (8%), including any adverse reports. The references that were
deemed relevant to this safety review are listed in Part 7. The combination of compositional details,
detailed manufacturing process description, dietary exposure estimate, and safety and toxicity data
provide the scientific procedure basis for this GRAS conclusion. No confidential, non-public, or
generally inaccessible information was used by JBSL-USA to reach this GRAS conclusion.

1.2 Name and Address of Notifier

Vincent Hackel
President/CEO

JBSL-USA

1547 Palos Verdes Mall, #131
Walnut Creek, CA 94597

1.3 Common Name of Notified Substances

The notified substance is Ashitaba Chalcone Powder (8%). The common or usual names that may be
used to described the preparations are ashitaba, asitaba, Angelica keiskei, ashitaba chalcone sap
powder, and ChalCurb-P8.

1.4 Intended Conditions of Use in Foods

Ashitaba Chalcone Powder (8%) is intended to be used as an ingredient in conventional foods as
described further in Part 3 of this dossier. JBSL-USA’s Ashitaba Chalcone Powder (8%) preparation is
not intended to be used as a color additive; therefore, it is exempt from the definition of a color
additive under section 201(t) of the FD&C Act and FDA’s implementing regulations in 21 CFR §7.30(f)
and (g).

JBSL-USA June 25, 2021
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1.5 Basis for the GRAS Conclusion

JBSL-USA's GRAS conclusion is based upon scientific procedures, as discussed in detail in this dossier,
in accordance with 21 CFR §170.30(a) and (b).

1.6 Exclusion from Premarket Approval Requirements

Ashitaba Chalcone Powder (8%) is not subject to premarket approval requirements of the Food, Drug,
and Cosmetic Act (FD&C Act) based on JBSL-USA’s conclusion that Ashitaba Chalcone Powder (8%) is
GRAS under the intended conditions of use.

1.7 Availability of Information

The composite data and information that serve as the basis of this GRAS conclusion will be available
to the Food and Drug Administration (FDA) during customary business hours at JBSL-USA's facility
located at 1547 Palos Verdes Mall, #131, Walnut Creek, CA, 94597.

1.8 Exemption from Freedom of Information Act (FOIA) Disclosure

JBSL-USA certifies that no data or information contained herein are exempt from disclosure under the
Freedom of Information Act (FOIA).

1.9 Food Safety and Inspection Service (FSIS) Statement

JBSL-USA does not intend to add Ashitaba Chalcone Powder (8%) to foods that come under United
States Department of Agriculture (USDA) jurisdiction, such as meat or poultry products; therefore,

sharing the information contained herein with the Food Safety and Inspection Service (FSIS), trade

secret or otherwise, does not apply.

1.10 Certification

JBSL-USA certifies, to the best of our knowledge, that this GRAS dossier is a complete,
representative, and balanced assessment that includes all information, both favorable and
unfavorable, known to JBSL-USA and relevant to the evaluation of safety and GRAS status of
Ashitaba Chalcone Powder (8%).

Signed,

JBSL-USA June 25, 2021
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Katrina V. Emmel, Ph.D.

Agent for JBSL-USA Date: June 25, 2021
KemmelCal Inc.

947 Martina Circle

Corona, CA 92879

Part 2. Identity, Method of Manufacture,
Specifications, and Technical Effect of the
Notified Substances

2.1 Biological Information

Ashitaba Chalcone Powder (8%) is prepared from the sap of Angelica keiskei (Miq.) Koidz. (syn.
Archangelica keikei Miq.), which was first identified in Florae Symbolae Orientali-Asiaticae in 1930 (Kew
Royal Botanic Gardens, 2019). A. keiskei is a perennial herb in the carrot family native to Japan and
cultivated in areas of Eastern Asia, including Japan and Korea. Ashitaba originated in Hachijo-shima,
but is also grown in the Izu Peninsula, Miura Peninsula, Izu Islands, and Ohshima. It is often referred to
as “ashitaba” or “asitaba” in Japan and “sinsuncho” in Korea (Fukuo et al., 2005). A photograph of the
aerial portion of A. keiskei is shown in Figure 1.

Figure 1. Angelica keiskei Plant

JBSL-USA June 25, 2021
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The taxonomic classification® of Ashitaba is as follows:

Kingdom Plantae
Order Apiales
Family Apiaceae (Umbelliferae)
Subfamily Apioideae
Tribe Selineae
Genus Angelica
Species Angelica keiskei

2.2 Ashitaba Sap

Multiple studies have characterized the components of various portions of A. keiskei. Ashitaba leaves,

stems, and roots contain noteworthy amounts of vitamin C, vitamin A, vitamin K, and dietary fiber, as
well as chalcones, flavanones, coumarins, and carotenoids (Ohkura et al., 2018; Kim et al., 1992; Xie et
al., 2017).

Juice extracted from ashitaba stems has a high water content. Ashitaba yellow sap, shown in Figure 2,
is an exudate that contains chalcones, flavanones, and coumarins (Akihisa et al., 2003; Ohnogi et al.,
2012e).

Figure 2. Angelica keiskei Yellow Sap

* Previously obtained on USDA’s Germplasm Resources Information Network: Taxon Angelica keiskei (Miq.)
Koidz

JBSL-USA June 25, 2021
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Kim et al. (1992) analyzed the nutritional component composition of the juice obtained from the stem

and whole aerial plant portion of A. keiskei. A summary of their findings is provided in Table 1.

Table 1. Proximate Analysis of Angelica keiskei Koidz Stem Juice and Aerial Whole Plant®

JBSL-USA

Analyte

Stem Juice

Aerial Whole Plant®

Proximate Analysis (g/100 g wet weight)

Moisture 95.06 88.75
Lipids 0.92 2.75
Protein 1.28 2.53
Ash 1.00 2.00
Total Sugar 3.85 2.98
Reducing Sugar 2.63 2.27
Fiber 1.69 7.73
Minerals (mg/100 g wet weight)
Calcium 109.00 156.24
Copper 0.02 0.05
Iron 0.38 1.63
Potassium 141.60 209.20
Magnesium 9.52 13.60
Manganese 0.06 0.72
Sodium 30.46 52.40
Potassium 22.60 31.04
Zinc 0.11 0.48
Germanium 0.04 0.03
Selenium Not detected Not detected
Cobalt Not detected Not detected
Vitamins (mg/100 g wet weight)
Ascorbic Acid 9.40 20.20

June 25, 2021
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JBSL-USA

Analyte Stem Juice Aerial Whole Plant”
B-Carotene 0.09 0.51
Thiamin 0.19 2.30
Riboflavin 2.29 1.07
Total Amino Acids (mg/ 100 g wet weight)

Lysine Trace 92.40
Histidine 8.80 79.40
Arginine 9.30 133.50

Aspartic acid 16.00 182.10
Threonine 10.60 138.60
Serine 8.30 123.90
Proline Trace Trace
Glutamic acid 26.70 280.40

Glycine 26.70 280.20
Alanine 17.20 194.20

Valine 12.60 102.20

Methionine 3.10 26.90
Isoleucine 7.60 74.00

Leucine 14.80 171.60

Tyrosine 1.90 76.60
Phenylalanine 9.30 105.70
Tryptophan 0.50 Trace
Total amino acids 181.40 1,989.70
Total esser_1tia| amino 67.30 190.80
acids
Fatty Acid Composition of Lipids (%)
Caprylic 1.57 0.31
Capric Trace 0.37
Lauric Trace 0.93

| 10
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acid

Analyte Stem Juice Aerial Whole Plant®
Tridecanoic Trace 0.93
Myristic 0.66 1.07
Pentadecanoic Trace Trace
Palmitic 22.80 15.79
Palmitoleic 2.55 4.97
Margaric 1.09 6.93
Stearic 2.79 1.35
Oleic 3.99 1.80
Linoleic 43.29 31.14
Linolenic 11.35 27.44
Arachidic Trace 0.81
Unknown 9.91 6.28
Total saturated fatty acid 38.82 34.87
Total unsaturated fatty 61.18 6535

® Adapted from Kim et al. (1992)

® The whole aerial portions of the plant except for the root

| 11

JBSL-USA's ashitaba yellow sap is composed largely of moisture, fat, carbohydrates, and protein, with

minor components including minerals, carotenoids, and flavonoids, including chalcones and

coumarins. Table 2 provides a summary of the typical chemical composition of JBSL-USA’s ashitaba

yellow sap.

[Remainder of page is blank]

JBSL-USA
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Table 2. Typical Composition of JBSL-USA’s A. keiskei Yellow Sap

Component Typical Content
Moisture 71.9%
Ash 0.2%
Protein (Kjeldahl) 0.8%
Fat 18.7%
Carbohydrate 8.4%
Energy 205 kcal/100 g

Total Chalcones®

9.08%

? As the sum of xanthoangelol and 4-hydroxyderricin

2.2.1 Flavonoids

| 12

As one of the main polyphenol family members, flavonoids are a diverse class of ubiquitous secondary
metabolites found in plants (Fowler and Koffas, 2009; Orlikova et al., 2011; Panche et al., 2016).
Flavonoids can be divided into a number of subclasses including chalcones, flavonols, flavones,
flavanones, anthocyanidins, and isoflavonoids, as depicted in Figure 3. As shown in the biosynthetic
pathway provided in Figure 4, flavonoids are synthesized in a complex pathway that begins with the

amino acids tyrosine and phenylalanine.

Figure 3. Diagram of the Polyphenols”

? From Orlikova et al. (2011)

JBSL-USA

June 25, 2021



GRAS Notice for Ashitaba Chalcone Powder (8%) | 13

Figure 4. Botanical Biosynthesis Pathway for Flavonoids"

“ From Fowler and Koffas (2009)

JBSL-USA June 25, 2021
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Botanicals, including fruits and vegetables, contain flavonoids in the form of flavonols, flavones, and
flavanones. The dietary intake of flavonoids was estimated to range between 20 mg per day (in the
United States, Denmark, and Finland) to > 70 mg per day (in Holland) (Beecher, 2003). However, more
recent publications have reported much higher total flavonoid intakes in US and European
populations. Using National Health and Nutrition Examination Survey (NHANES) food consumption
data for adults aged 19 years and older, it was estimated that dietary intake of flavonoids in the US
was 201.9 mg per day (NHANES 1999-2002) and 200.1 mg per day (NHANES 2007-1010) (Kim et al.,
2016b). Using food consumption data compiled by the European Food Safety Authority (EFSA) and
the FLAVIOLA Food Composition Database, the mean intake of flavonoids in Europe was estimated to
be 428 £ 49 mg per day (Vogiatzoglou et al., 2015).

Total intake of flavonol and flavone (two subfamilies of flavonoids) is estimated to range between 3
and 65 mg per day, where Finland has the lowest reported intake at 3 mg per day and Japan has the
highest intake reported at 65 mg per day (Justesen et al., 2000).

2.2.1.1 Chalcones

Chalcones are open-chain flavonoids with an a, B-unsaturated ketone moiety. They are colored
compounds with a general (E)-1,3-diphenylpropen-1-one structure (Rosa et al., 2019), the general
structure of which is shown in Figure 5. The term “chalcone” is derived from the Greek “chalcos,”
which means bronze, which is the color of most natural chalcones (Zhuang et al., 2017). Carthamin, a
red pigment isolated from safflower (Carthamus tinctorius), was the first known naturally-occurring
chalcone reported by Kametaka and Perkin in 1910 (Bohm and Stuessy, 2001). Chalcones are plentiful
in edible vegetables, fruits, tea, soy-based products, safflower, licorice, potatoes, and spices (Diaz-
Tielas et al., 2016; Orlikova et al., 2011).

Figure 5. General Chalcone Structure”

3 3

6I

® From (Rosa et al., 2019)

Kim et al. (2014) reported that the concentration of chalcones varies between the different portions of
the plant, as follows: root bark (10.51 mg per g) > stems (8.52 mg per g) > leaves (2.63 mg per g) > root
cores (1.44 mg per g). Furthermore, Nagata et al. (2007) estimated that there are about 200 to 300 mg
chalcones per 100 grams of edible raw ashitaba leaf.

JBSL-USA June 25, 2021
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JBSL-USA estimates that ashitaba yellow sap contains over 20 chalcones. The most prevalent
chalcones are xanthoangelol (XA) and 4-hydroxyderricin (4-HD), which account for more than 90% of
the total chalcones identified in ashitaba. Minor components include the xanthoangelols B, C, D, E, F,
G, and H, as well as isobavachalcone, 4,2'-4'-trihydroxy-3'-[(2E, 5E)-7-methoxy-3,7-dimethyl-2, 5-
octadienyl]chalcone, (£)-4,2',4'-trihydroxy-3'-[(2E)-6-hydroxy-7-methoxy-3,7-dimethyl-2-
octenyl]chalcone, 4,2',4'-trihydroxy-3'-[(2E)-3-methyl-5-(1,3-dioxolan-2-yl)-2-pentenyl]chalcone, 2/,3'-
furano-4-hydroxy-4'-methoxychalcone, and (£)-4-hydroxy-2’-3'-(2,3-dihydro-2-methoxyfurano)-4'-
methoxychalcone (Ohkura et al., 2018; Kil et al., 2017). The structures of many of the chalcones
identified in ashitaba are shown in Figure 6.

Figure 6. Ashitaba Chalcones”

~a

1

OH O
Ry

Xanthoangelol OH
4-Hydroxyderricin OMe
Isobavachalcone OH

Xanthoangelol B OH

B

OH

Xanthoangelol C OH CHO

Xanthoangelol D OMe

Xanthoangelol E OMe

333

OOH

Xanthoangelol F OMe

8

Xanthoangelol G OMe
OH

e

Xanthoangelol H MeO
HO O O

? From Ohkura et al. (2018)
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A summary of the chalcones identified in ashitaba stems or yellow sap reported in the published

scientific literature to date is provided in Table 3.

Table 3. Chalcones Extracted from Ashitaba Yellow Sap or Stem

Chalcone

Reference

Deoxydihydroxanthoangelol H

Akihisa et al. (2006)

Deoxyxanthoangelol H

Akihisa et al. (2006)

Dorsmannin A

Akihisa et al. (2006)

4-Hydroxyderricin

Akihisa et al. (2003)

Isobavachalcone

Akihisa et al. (2003)

Xanthoangelol

Akihisa et al. (2003)

Xanthoangelol B

Aoki et al. (2008)

Xanthoangelol C

Baba et al. (1998)

Xanthoangelol D

Ohkura et al. (2011)

Xanthoangelol E

Fujita et al. (1992)

Xanthoangelol F

Akihisa et al. (2003)

Xanthoangelol H

Akihisa et al. (2003)

Xanthoangelol |

Akihisa et al. (2006)

Xanthoangelol J

Akihisa et al. (2006)

Xanthokeismin A

Aoki et al. (2008)

Xanthokeismin B

Aoki et al. (2008)

Xanthokeismin C

Aoki et al. (2008)

Kim et al. (2014) quantified a number of chalcones identified in a methanolic extract of dried ashitaba
stems, as summarized in Table 4.

JBSL-USA
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Table 4. Chalcone Content of Angelica keiskei Stems"”

Concentration
Chalcone (mg/g dry
weight)

Xanthoangelol 5.05+0.18
4-Hydroxyderricin 1.97+0.12
Xanthoangelol F 1.021£0.09
Isobavachalcone 0.37*0.01
Xanthoangelol B 0.11+0.00

* Adapted from Kim et al. (2014)

2.2.1.2 Coumarins

Coumarins are a chemical class of benzo-a-pyrones that are commonly found in edible vegetables,
fruits, seeds, nuts, coffee, tea, and wine. Coumarin was first isolated in 1820 from ‘Coumarou,’ also
referred to as the tonka bean (Dipteryx odorata Willd., Fabaceae). Coumarins are plentiful in certain
essential oils, at levels ranging from 7,000 parts per million (ppm) in cinnamon bark oil up to 87,300
ppm in cassia leaf oil. Coumarins often occur in higher plants, with the highest concentrations
observed in the fruits, followed by the roots, stems, and leaves (Lacy and O’Kennedy, 2004). The
general coumarin structure is shown in Figure 7.

Figure 7. General Coumarin Structure®

5 4
6 N3
7 2

0"

® From Lacy and O’Kennedy (2004)

A summary of the coumarins identified in ashitaba stems or yellow sap reported in the published
scientific literature to date is provided in Table 5.

JBSL-USA June 25, 2021
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Table 5. Coumarins Extracted from Ashitaba Yellow Sap or Stem

Coumarin

Reference

(8S,9R)-8-angeloxy-8,9-hihyrooroselol

Shibano et al. (2009)

(3'R)-3'-hydroxycolumbianidin

Akihisa et al. (2003)

Isolaserpitin

Akihisa et al. (2003)

Isopimpinellin

Akihisa et al. (2006)

Laserpitin Akihisa et al. (2003)
Osthenol Akihisa et al. (2006)
Pteryxin Akihisa et al. (2003)
Selinidin Akihisa et al. (2003)

3'-Senecioyl khellactone

Akihisa et al. (2003)

4'-Senecioyl khellactone

Akihisa et al. (2003)

Xanthotoxin

Akihisa et al. (2006)

| 18

It has been reported that the composition and concentration of coumarins in A. keiskei yellow sap

varies based on geographical location. The (85-9R)-8-angeloxy-8,9-dihyrooroselol (DHO), laserpitin
(LAS), and isolaserpitin (ILA) content of yellow sap derived from A. keiskei harvested in Oshima and
Hachijo was reported by Shibano et al. (2009) and results are summarized in Table 6.

Table 6. Variation of Coumarins Extracted from A. keiskei Yellow Sap”

Strain DHO (%) LAS (%) ILA (%)
Oshima-1 (n=3) 0.210%0.008 ND ND
Oshima-2 (n=3) 0.092+0.002 ND ND
Oshima-3 (n=3) 0.17240.012 ND ND
Oshima-4 (n=3) 0.259+0.010 ND ND
Oshima-5 (n=3) 0.130%0.016 ND ND
Oshima-6 (n=3) 0.166+0.013 ND ND
Oshima-7 (n=3) 0.198+0.004 ND ND

JBSL-USA
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Strain DHO (%) LAS (%) ILA (%)
Oshima-8 (n=3) 0.07610.001 ND ND
Oshima-g (n=3) 0.09910.004 ND ND
Oshima-10 (n=3) 0.279+0.024 ND ND
Oshima-11 (n=3) 0.09010.006 ND ND
Oshima-12 (n=3) 0.06410.001 ND ND
Oshima-13 (n=3) 0.250%0.020 ND ND
Oshima-14 (n=3) 0.12740.003 ND ND
Oshima-15 (n=3) 0.14310.044 ND ND
Oshima-16 (n=3) 0.23310.003 ND ND
Oshima-17 (n=3) 0.097+0.007 ND ND
Oshima-18 (n=3) 0.103+0.003 ND ND
Hachijo-1 (n=2) ND 0.092+0.007 0.068+0.003
Hachijo-2 (n=2) ND 0.066+0.001 0.040%+0.003

® Adapted from Shibano et al. (2009)

DHO - (8S,9R)-8-angeloxy-8,9-dihyrooroselol; ILA —isolaserpitin; LAS — laserpitin; ND —
not detected

Kim et al. (2014) isolated a number of coumarins from a methanolic extract of dried ashitaba stems, as

summarized in Table 7.

JBSL-USA

[Remainder of page is blank]
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Table 7. Coumarins Isolated from Angelica keiskei Stems”

Concentration

Coumarin (mglg dry weight)® Structure
=
) N
Psoralen 0.56+ 0.05
0”0 O
a N\
Xanthotoxin® 1.23+0.06 0
Laserpitin® 1.03 £ 0.06
e
Isolaserpitin® 0.77+ 0.04 ? \fl\c °
' ’\OM
O3
P
[e]
Z
o}
Demethylsuberosin® 0.45% 0.02
OH
=
0 0" o
Selinidin® 0.56 £ 0.02
o o
A
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Coumarin SCLEIIEE Structure
(mg/g dry weight)®
Imperatorin® 1.2310.09
(0]
CH3 o e
H
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Pteryxin" 0.08 +0.01 CH; O CHs
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® Adapted from Kim et al. (2014)
® Structure from Sigma-Aldrich (www.sigmaaldrich.com/US/en/product/sigma/p8399?context=product)

“Structure from Sigma-Aldrich (www.sigmaaldrich.com/US/en/product/sial/56448?context=product)

4 Structure from Akihisa et al. (2003)
¢Structure from Sigma-Aldrich
(www.sigmaaldrich.com/US/en/product/targetmoleculecorp/taghg3cfcasb?context=bbe)

fStructure from Sigma-Aldrich (www.sigmaaldrich.com/US/en/product/sial/696642context=product)

9 Structure from Sigma-Aldrich
(www.sigmaaldrich.com/US/en/substance/imperatorin27028482440?context=product)

" Structure from Sigma-Aldrich (www.sigmaaldrich.com/US/en/product/supelco/phl838992context=product)

JBSL-USA analyzed the typical coumarin content of three non-consecutive lots of ashitaba yellow sap
and found the average total coumarin content to be 38.62 mg per g. Results are summarized in Table
8.

[Remainder of page is blank]
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Table 8. Typical Coumarin Content in JBSL-USA’s Ashitaba Yellow Sap

Representative Lot

Lot# IACCo910 | Lot# IACDo77 | Lot# IACE0322 Average

Compound

Concentration (mg/qg)

Linear-Type Furanocoumarins

Xanthotoxin (Psoralen) 0.711 0.795 0.774 0.760
Isopimpinellin 0.792 0.937 0.928 0.882
Bergapten 0.205 0.260 0.211 0.225

Imperatorin <0.001 <0.001 <0.001 <0.001
Total 1.70 1.99 1.01 1.87

Angular-Type Dihydropyranocoumarins

Laserpitin 13.599 13.059 15.560 14.070

Isolaserpitin 15.193 14.404 19.534 16.377
Selinidin 5.694 5.655 7-544 6.298

Total 34.49 33.12 42.64 36.75

Total Coumarins 36.19 35.11 44.55 38.62

2.2.1.3 Flavones and Flavonols
Flavones and flavonones are present in the leaves, flowers, and fruits of many edible plants, including

celery, red peppers, mint, onions, lettuce, tomatoes, and grapes.

Yang et al. (2008) analyzed the flavonoid content of 91 edible plant species, including ashitaba. The
flavonols quercetin and kaempherol, as well as the flavone luteolin, were observed in A. keiskei shoots
(Table 9); however, there have been no quantitative reports of the flavonone content of ashitaba
stems or yellow sap in the published literature.

[Remainder of page is blank]
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Table 9. Flavones and Flavonols Isolated from Angelica keiskei Shoots
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Concentration

(mg/100 g fresh Structure
weight)®
Quercetin® 121.7
Flavonols
Kaempferol* 1.7
Flavone Luteolin® 95.8

* Adapted from Yang et al. (2008)

®Structure from Sigma-Aldrich

(www.sigmaaldrich.com/US/en/substance/quercetin302241173952context=product)

© Structure from Sigma-Aldrich (www.sigmaaldrich.com/US/en/product/sigma/60010?context=product)
4 Structure from Sigma-Aldrich (www.sigmaaldrich.com/US/en/product/sigma/lg283?context=product)

A summary of the flavanones identified in ashitaba stems or yellow sap reported in the published
scientific literature to date is provided in Table 10.

JBSL-USA
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Table 10. Flavanones Extracted from Ashitaba Yellow Sap or Stem

Flavanone Reference
4'-0-geranylnaringenin Akihisa et al. (2003)
8-geranylnaringenin Akihisa et al. (2006)
Isobavachin Akihisa et al. (2006)
Mundulea flavanone A Akihisa et al. (2003)
Mundulea flavanone B Akihisa et al. (2006)
Prostratol F Akihisa et al. (2003)

2.2.2 Ashitaba Chalcone Powder (8%) Composition

JBSL-USA's Ashitaba Chalcone Powder (8%) preparation is a yellow powder primarily composed of
carbohydrates, fat, chalcones, and moisture. The typical chemical composition of Ashitaba Chalcone
Powder (8%) is shown in Table 11.

Table 11. Typical Composition of Ashitaba Chalcone Powder (8%)

Component Typical Content

Moisture 0.6%

Protein (as is, N X 6.25) 0.5%

Fat 9.4%

Ash 0.7%

Carbohydrate 88.8%

Energy 442 keal/100 g

Total Chalcone® 8%
Xanthoangelol 5%
4-Hydroxyderricin 3%

Other Chalcones® 3.6%

® Reported as the sum of xanthoangelol and 4-hydroxyderricin
® Reported as the sum of isobavachalcone, and xanthoangelols
B,C,D,E,F,and G
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While A. keiskei leaves are known to contain carotenoids, analyses conducted by JBSL-USA on
products derived from yellow sap demonstrate that no carotenoids—including a.-carotene, f3-
carotene, lutein, zeaxanthin, and lycopene—are present. Vitamin K, has also been identified in A.
keiskei leaves; however, no Vitamin K, was detected in two representative lots of JBSL-USA's Ashitaba
Chalcone Powder (8%).

2.2.3 Summary

Ashitaba yellow sap is a dietary source of vitamins, minerals, amino acids, and lipids, as well as a
variety of flavonoids, including chalcones (4-HD and XA), coumarins (xanthotoxin, imperatorin, and
laserpitin), flavonols, and flavones.

2.3 Manufacturing Process

JBSL-USA cultivates our ashitaba plants on Indonesian farms owned and managed by Japan Bio
Science Laboratory using organic farming techniques, where the soil is weeded, mulched with organic
fertilizer, and the plants are protected against insects without the use of pesticides, resulting in an
ashitaba sap raw material that meets the Japanese Agricultural Standard for organic certification.
JBSL-USA manufactures Ashitaba Chalcone Powder (8%) under CGMP. Organic certification
documents for the ashitaba sap raw material and ISO goo1:2015 certification documents are provided
in Appendix 1.

The ISOELEAT P branched cyclodextrin, composed of >80% total cyclodextrins and >50% maltosyl-
cyclodextrin with minor components including maltose and dextrin, is used to manufacture Ashitaba
Chalcone Powder (8%). ISOELEAT P is derived from non-Genetically Modified (non-GMO) corn and
potato starch. Supporting documentation is provided in Appendix 2.

Manufacturing Ashitaba Chalcone Powder (8%) begins with cutting the A. keiskei stems and
harvesting the yellow sap exudate. The collected sap is pasteurized, mixed with ISOELEAT P at a ratio
of 30% ashitaba sap to 70% branched cyclodextrin, and then sterilized at 121°C for 15 minutes. The
mixture is then freeze dried and shattered before being passed through a 100 mesh to obtain the
finished Ashitaba Chalcone Powder (8%) product.

A flow chart of the manufacturing process is provided in Figure 8 and an image of the Ashitaba
Chalcone Powder (8%) finished product is shown in Figure 9.

[Remainder of page is blank]

JBSL-USA June 25, 2021



GRAS Notice for Ashitaba Chalcone Powder (8%) | 26

Figure 8. Ashitaba Chalcone Powder (8%) Manufacturing Flow Chart

Figure 9. Ashitaba Chalcone Powder (8%)

2.4 Product Specifications

2.4.1 Accepted Specifications for Ashitaba Chalcones

There are no known specifications established for ashitaba or any ashitaba-derived preparations by
international regulatory bodies, including the Joint FAO/WHO Expert Committee on Food Additives
(JECFA), the World Health Organization (WHO), the European Food Safety Authority (EFSA), or FDA.

2.4.2 Methods of Analysis

JBSL-USA uses microscopy and high performance thin-layer chromatography (HP-TLC) for botanical
identity testing. Representative microscopy and HP-TLC analysis reports for the ashitaba stem raw
material and a representative HP-TLC analysis report for Ashitaba Chalcone Powder are provided in
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Appendix 3. Chalcone quantitation is conducted according to JBSL-USA's “Assay Method of Chalcone”
using 4-HD and XA purified standards (Appendix 4).

2.4.3 Specifications for JBSL-USA’s Ashitaba Chalcone Powder (8%)

The product specifications for JBSL-USA’s Ashitaba Chalcone Powder (8%), along with analytical
results from 5 non-consecutive representative lots, are shown in Table 12. Certificates of Analysis
(COAs) for 5 non-consecutive batches of Ashitaba Chalcone Powder (8%) are provided in Appendix 5.

[Remainder of page is blank]
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Table 12. Representative Batch Analysis for JBSL-USA’s Ashitaba Chalcone Powder (8%)

JBSL-USA’s Manufacturing Batches
Physi:lr::qdef:rzmical AiE;‘:E:?:\ZTC?;e Lot No. Lot No. Lot No. Lot No. Lot No. Method of Analysis
Powder (8%) IACA6120 | IACA6628 IACA7105 IACA8521 | IACAg9910
Identity Conforms Conforms Conforms Conforms Conforms | Conforms HPLC
Total Chalcones® (%) NLT 8.0 8.2 8.0 8.7 8.5 8.2 HPLC
Loss on drying (%) NMT 8.0 2.1 1.9 1.4 2.5 2.9 1g, 105°C, 4 hours
Arsenic (ppm) NMT 1 NMT 0.1 NMT 0.2 NMT 0.1 NMT 0.2 NMT 0.2 ICP/MS
Cadmium (ppm) NMT 1 0.003 0.002 0.002 NMT 0.004 | NMTo0.01 ICP/MS
Lead (ppm) NMT 1 NMT o.01 0.016 0.016 NMT o.01 NMT o.05 ICP/MS
Mercury (ppm) NMT 1 NMT o.01 NMT o.01 NMT o.01 NMT o0.01 | NMT o.005 ICP/MS
T?:LXSEE ‘;:r";')’ic NMT 1,000 NMT300 | NMT300 | NMT300 | NMT300 | NMT300 | USFDABAM (Ch.3)
Salmonella (per 25 g) Negative Negative Negative Negative Negative Negative AOAC 967.26
E. coli (per g) Negative Negative Negative Negative Negative Negative US FDA BAM (Ch. 4a)
Coliforms (cfu per g) NMT 30 NMT 10 NMT 10 NMT 10 NMT 10 NMT 10 ISO 4382:1991
Yeast & Mold (cfu per g) NMT 100 NMT 10 NMT 10 NMT 10 NMT 10 NMT 210 US FDA BAM (Ch. 18)

® Reported as the sum of xanthoangelol and 4-hydroxyderricin
AOAC —Association of Official Analytical Chemists; BAM — Bacteriological Analytical Manual; CFU - colony forming unit; g — gram;
HPLC - high performance liquid chromatography; ICP/MS —inductively coupled plasms/mass spectrometry; ISO — International

Organization for Standardization; NLT — not less than; NMT — not more than; ppm — parts per million
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2.4.4 Pesticide Residue Analysis

Representative pesticides analysis reports for two lots of the ashitaba yellow sap raw material are
provided in Appendix 6.

2.4.5 Conclusion

The collection of data presented in Part 2, as well as the supporting documentation in Appendices 1-6,
demonstrates that JBSL-USA's Ashitaba Chalcone Powder (8%) preparation is well-characterized and
meets appropriate specifications for food-grade materials.

2.5 Physical or Technical Effect

JBSL-USA'’s Ashitaba Chalcone Powder (8%) preparation is intended for use as an ingredient in
conventional foods for consumers wishing to increase their dietary intake of the ingredient.

2.6 Stability

JBSL-USA conducted stability studies on the purified chalcones, XA and 4-HD, as well as on Ashitaba
Chalcone Powder (8%).

2.6.1 Stability of Xanthoangelol and 4-Hydroxyderricin

Purified preparations of XA and 4-HD were observed to be stable over the course of 30 months when
stored at both 5°C and at room temperature, as demonstrated in Figure 10 and Figure 11, respectively.
Therefore, the approximate 2:1 ratio of XA and 4-HD is expected to remain constant in the Ashitaba
Chalcone Powder (8%) over the course of 30 months when stored at room temperature.

Figure 10. Xanthoangelol and 4-Hydroxyderricin Stability at 5 C

JBSL-USA June 25, 2021



GRAS Notice for Ashitaba Chalcone Powder (8%) | 30

Figure 11. Xanthoangelol and 4-Hydroxyderricin Stability at Room Temperature

2.6.2 Stability of Ashitaba Chalcone Powder (8%)

A sample of Ashitaba Chalcone Powder (8%) was placed in an aluminum bag and stored at room
temperature. The sample was tested at various time points between o and 48 months. The amount of
total chalcone, as the sum of XA and 4-HD, was set as 200% in month o and the residue ratio of the
total chalcones was calculated. JBSL-USA determined that Ashitaba Chalcone Powder (8%) is stable
when stored at room temperature for 36 months, as determined by the measurement of total
chalcones (Figure 12).

Figure 12. Ashitaba Chalcone Powder Stability at Room Temperature

2.6.3 Conclusion

JBSL-USA concludes that Ashitaba Chalcone Powder (8%) is stable for at least 36 months when stored
at room temperature as demonstrated in Figure 12.
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Part 3. Dietary Exposure
3.1 Intended Food Uses

JBSL-USA intends to use Ashitaba Chalcone Powder (8%) as an ingredient in conventional foods for
the general population in the specified categories and at a maximum use level of 125 mg per day.

3.2 Estimated Daily Intake

3.2.1 Ashitaba Chalcone Powder (8%)
3.2.1.1 Ashitaba Chalcone Powder (8%) in the Background Diet

There are no known intake assessments of ashitaba or ashitaba-derived ingredients for US consumers.
Products containing ashitaba—including tea and green juice—are currently available for purchase on
Amazon, as are ashitaba seeds for consumers to grow their own plants.”

3.2.1.2 Ashitaba Chalcone Powder (8%) from Intended Food Uses

JBSL-USA intends to use Ashitaba Chalcone Powder (8%) in a limited number of food categories at
the use levels provided in Table 13. The estimated mean and high total consumption was determined
following FDA's methodology (FDA, 2006) and using United Stated Department of Agriculture
(USDA) National Health and Nutrition Examination Survey (NHANES) 2015-2016 data. FDA
methodology is recognized as a procedure that overestimates consumption. For the intake
assessment, consumption data from individual dietary records were imported into Microsoft Excel and
used to generate the estimated daily intake (EDI) for Ashitaba Chalcone Powder (8%) for consumers
who reported consuming food products in which Ashitaba Chalcone Powder (8%) is proposed for use.
Food codes from NHANES 2015-2016 were selected for each proposed food category according, as
listed in Appendix 7.

* Kenkd Raw Ashitaba Tea, https://www.amazon.com/Kenk%C5%8D-Raw-Ashitaba-
Tea/dp/Bo1B80S88W/ref=sr 1 4?keywords=angelica+keiskei&qid=1576779601&sr=8-4 (Accessed April 30,
2021); Karuna Whole Plant Juice — Viva (Ashitaba, Beet & Pomegranate), https://www.amazon.com/Karuna-
Whole-Plant-Juice-
Pomegranate/dp/Bo7TGTBS6T/ref=sr_1_33?keywords=angelica+keiskei&qid=1576779298&sr=8-33 (Accessed
April 30, 2021); Nana’s Organic Ashitaba, Matcha style tea,
https://www.amazon.com/dp/Bo7WFVS3S3/ref=dp cerb 1 (Accessed April 30, 2021);

Ashitaba Seeds, https://www.amazon.com/Elwyn-20-Ashitaba-Plant-

Seeds/dp/Bo8WPP,WVM/ref=sr 1 1?dchild=1&keywords=ashitaba+seeds&qid=1619805519&s=lawn-
garden&sr=1-1 (Accessed April 30, 2021)
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Table 13. Daily Dietary Intake Estimations for Ashitaba Chalcone Powder

USDA Mean Mean mg Mean X 2
Maximum RACCH® Grams of Ashitaba mg Ashitaba
Use Level S Food Chalcone Chalcone
Food Category . Consumed Powder Powder
(per size
. (Consumer- Consumed Consumed
serving) (9)
only, per (Consumer- (Consumer-
day)® only, per day) | only, per day)
Soft Drinks 0.0075% 360 366 0.076 0.15
Jelly, Jams,
Preserves, & 0.834% 20° 29 12.1 24.2
Marmalade
Candy
containing 0.006% 30 31 0.062 0.12
chocolate
Butter 0.468% 14° 11 3.68 7.35
Total - -- -- 15.9 31.8

® Reference amounts customarily consumed (RACC) as indicated by FDA, Available at:
https://www.regulations.gov/document/FDA-2004-N-0258-0136 (Accessed on April 30, 2021)

®For liquids, assume1mL=1g

“For jelly, jams, preserves, & marmalade, assume 1 tbsp = 20 g (based on Welch’s Concord Grape Jelly

serving size)

For butter, assume 1 tbsp = 14 g (based on Land O Lakes Salted Butter serving size)

¢ Average reported intake of individuals who reported consuming food products in which the use of
Ashitaba Chalcone Powder is proposed on Day 1 and/or Day 2 of the survey.

The EDI for Ashitaba Chalcone Powder (8%) calculated by this method is approximately 32 mg per
person per day. Considering that JBSL-USA's Ashitaba Chalcone Powder contains 8% chalcones, the
maximum exposure to chalcones from JBSL-USA’s proposed uses and use levels outlined in Table 13
would be approximately 2.56 mg chalcones per person per day.

In addition to the proposed uses specified in Table 13, Ashitaba Chalcone Powder (8%) may also be
used as an ingredient in a variety of foods at a maximum use level of 125 mg per day. In the event a
consumer followed a diet that preferentially included foods with the maximum use levels of Ashitaba
Chalcone Powder (8%), that consumer would have a combined daily intake of 157 mg per day, which
would provide the equivalent of 12.6 mg chalcones per person per day.
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3.2.2 Acceptable Daily Intake

Using the NOAEL from Maronpot (2015) of 300 mg ashitaba chalcone powder per kg bw per day and a
safety factor of 100, the Acceptable Daily Intake (ADI) for ashitaba chalcone powder in humans can be
calculated as 3 mg ashitaba chalcone powder per kg bw per day or 210 mg ashitaba chalcone powder
per person per day, using 70 kg as the reference body weight for humans. The ashitaba chalcone
powder in the study was reported to contain 8.45% chalcones; therefore, the ADI can be extrapolated
to be equivalent to 17.7 mg chalcones per person per day.

The highly conservative ‘mean X 2’ Estimated Daily Intake (EDI) of 32 mg per day combined with the
maximum use level of 110 mg Ashitaba Chalcone Powder (8%) for the highest use consumers, for a
total maximum consumption of 157 mg per day, is expected to be significantly lower than the
calculated ADI of 210 mg ashitaba chalcone powder per person per day, based on Maronpot (2015).

3.2.3 Chalcones from Ashitaba Chalcone Powder
3.2.3.1 Current Dietary Exposure to Chalcones from the Background Diet

While it has been suggested that chalcones are an important class of flavones in the human diet, there
are limited data available regarding chalcone content of common foods due to analytical difficulties.
Studies have indicated that chalcone glycosides tend to convert to flavanone glycosides during the
extraction process, and many analytical techniques convert the chalcone to the flavanone via acid
hydrolysis prior to HPLC analysis (Tomas-Barberan and Clifford, 2000). No publications regarding the
chalcone content of leafy green vegetables, including spinach and kale, were identified.

The greatest dietary contributor of chalcones in the US diet is likely tomatoes, where up to 0.7 mg
chalcones could be consumed for every 100-g portion of the flesh and skin (Tomas-Barberan and
Clifford, 2000). A summary of chalcones identified in common foods is provided in Table 14.

The Flavor and Extract Manufacturers Association (FEMA) and JECFA have found a number of
chalcones to be GRAS for use as flavoring agents: naringin dihydrochalcone (FEMA No. 4495, JECFA
No. 2208); hesperetin dihydrochalcone (FEMA No. 4872); neohesperidin dihydrochalcone (FEMA No.
3811), naringin dihydrochalcone aglycone (FEMA No. 4390, JECFA No. 2022), and prunin
dihydrochalcone (FEMA No. 4674, JECFA No. 2171) (Marnett et al., 2013; Cohen et al., 2018; Smith et
al., 2011; JECFA, 2014; 2010; 2012).
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Table 14. Chalcones in Common Foods

Chalcone Dietary HEPEIE Reference
Source Content
64 mg/kg fresh Tomas-Barberan and
Naringenin chalcone Tomato skin weight Clifford (2000)
552 mg/kg fresh lijima et al. (2008)
weight (ripe fruit) ) ’
17.3 mg/kg fresh

Eriodictyol chalcone

Tomato skin

weight (ripe fruit)

lijima et al. (2008)
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Tomas-Barberan and

Echinatin Licorice root N/A Clifford (2000)
Licochalcones A & B Licorice root N/A Toma;-Barberan ond
Clifford (2000)
Tomas-Barberan and
Xanthohumol Hops & Beer N/A Clifford (2000)
Tomas-Barberan and
Desmethylxanthohumol | Hops & Beer N/A

Clifford (2000)

5-10 mg/kg for
most cultivars,

but can range Tomas-Barberan and

iouce: Apples from 0.1 mg/kg Clifford (2000)
to as high as 190
mg/kg
Phloretin 2’(2""-xylosyl- Tomas-Barberan and
glucoside) Apple flesh 10-30 mg/kg Clifford (2000)
. Tomas-Barberan and
3-hydroxyphloridzin Apple pomace 270 mg/kg Clifford (2000)
Phloretin 2- Spanish cider 26-36 ma/L Tomas-Barberan and
xyloglucoside apple juice 3° Mg Clifford (2000)
Total Beersold in 0-4 ma/L Tomas-Barberan and
flavanone/chalcone the US 4Mg Clifford (2000)

3.2.3.2 Chalcone Consumption for Ashitaba Chalcone Powder (8%) from Intended Uses

The 8% chalcone content specification established by JBSL-USA for Ashitaba Chalcone Powder was
used to approximate the EDI of chalcones from the consumption of Ashitaba Chalcone Powder (8%).
The combined intake of 157 mg per day Ashitaba Chalcone Powder (8%) would provide the equivalent
of 12.6 mg chalcones per day, which is also below the extrapolated ADI for chalcones of 17.7 mg per
day based upon Maronpot (2015).

3.2.3.3 Cumulative Intake of Chalcones from Background Diet and Ashitaba Chalcone Powder
(8%)-Containing Foods

There have been no published estimates of overall chalcone consumption in Western diets, therefore
it is impossible to estimate the cumulative intake of chalcones from the background diet and from the
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proposed uses of Ashitaba Chalcone Powder (8%). The chalcones identified in common foods, such as
tomatoes, apples, and hops are not reported to be present in A. keiskei, nor have the two main
chalcones found in ashitaba (4-HD and XA) been reported in other foods. Based on the available
published data, there is no reason to presume that dietary chalcones are functionally equivalent or
bioactive.

3.2.4 Coumarins from Ashitaba Chalcone Powder (8%)

3.2.4.1 Current Dietary Exposure to Coumarins from the Background Diet

Coumarins are found in many conventional foods, including green plants, fungi, fruits, green tea, and
spices. However, there are limited data available regarding the consumption levels of coumarins from
conventional foods. Many published studies focus on coumarin, which is present in Ceylon and Cassia
cinnamon at levels of up to 297 and 7,670 mg per kg powder, respectively (Borges Bubols et al., 2013).
EFSA reviewed available toxicity data and determined the tolerable daily intake of coumarin from
dietary sources is 0.1 mg per kg body weight (bw) (EFSA, 2008).

3.2.4.2 Coumarin Consumption from Ashitaba Chalcone Powder (8%) from Intended Uses

Based on quantitative data on ashitaba yellow sap obtained by JBSL-USA (see Table 8), there are
approximately 38.6 mg total coumarins per g ashitaba yellow sap. The estimated total coumarin
content in ashitaba yellow sap can be used to approximate the coumarin content in Ashitaba Chalcone
Powder (8%), which is composed of 30% ashitaba yellow sap. Therefore, it is estimated that there are
11.6 mg coumarins per g Ashitaba Chalcone Powder (8%). A consumer with a cumulative Ashitaba
Chalcone Powder (8%) intake of 157 mg per day would consume approximately 1.8 mg coumarins.

3.2.4.3 Cumulative Intake of Coumarins from Background Diet and Ashitaba Chalcone
Powder (8%)-Containing Foods

There have been no published estimates of total coumarins consumption in Western diets, therefore it
isimpossible to estimate the cumulative intake of coumarins from the background diet and from the
proposed uses of Ashitaba Chalcone Powder.

Assuming an average weight of 70 kg for adults, the estimated intake of coumarins from 157 mg
Ashitaba Chalcone Powder would be 0.026 mg per kg bw per day. This is lower than the tolerable daily
intake of coumarin from dietary sources of 0.1 mg per kg bw (EFSA, 2008). Based on the available
published data, there is no reason to presume that dietary coumarins are functionally equivalent or
bioactive. Furthermore, coumarin has not been reported in A. keiskei yellow sap.

3.2.5 Flavones and Flavonols from Ashitaba Chalcone Powder (8%)
3.2.5.1 Current Dietary Exposure to Flavones and Flavonols from the Background Diet

Flavones and flavonols are present in the leaves, flowers, and fruits of many edible plants, including
celery, onions, lettuce, tomatoes, grapes, red peppers, and mint.
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Using the USDA Flavonoid Database and 24-hour dietary recall data from NHANES 1999-2002, Chun
et al. (2007) estimated the mean intake for flavonols (quercetin, kaempferol, myricetin, and
isorhamnetin) and flavones (luteolin and apigenin) to be 12.9 and 1.6 mg per day for men and women
aged 19 years and older, respectively. Mean flavonol intake from vegetables and vegetable products
ranged from 5.5 mg per day for non-consumers to 19.2 mg per day for consumers in the upper third
tertile, while mean flavone intake ranged from 0.0 mg per day for non-consumers to 2.0 mg per day
for consumers in the upper third tertile based upon NHANES 1999-2000 data.

More recently, Birt and Jeffery (2013) reported flavonoid intake in the human diet ranging from 20-200
mg per day, with tea drinkers ingesting as much as 1,000 mg flavonoids per day.

Quercetin is GRAS at use levels of up to 500 mg per serving in beverages and beverage bases, grain
products and pastas, processed fruits and fruit juices, and soft candies (GRN 341). Background
consumption was estimated to be 5.9 mg per person per day and 14.7 mg per person per day at the
mean and go"" percentile for the total US population, respectively, with a maximum intake of 258 mg
per person per day (Quercegen, 2010).

3.2.5.2 Flavones and Flavonols Consumption from Ashitaba Chalcone Powder (8%) from
Intended Uses

The flavone luteolin and the flavonols quercetin and kaempferol were identified in the aerial portions
of A. keiskei; however, no quantitative information is available in the published literature for content in
ashitaba yellow sap. The estimated daily intakes of quercetin, kaempferol, and luteolin from the
consumption of Ashitaba Chalcone Powder (8%), which is composed of 30% ashitaba yellow sap, was
determined based upon reported concentrations in A. keiskei shoots (see Table g), as shown in Table

15.

Table 15. Estimated Daily Intakes of Flavones and Flavonols from Ashitaba Chalcone Powder

. Estimated Estimated Estimated
Estimated i .
. Quercetin Kaempferol Luteolin
Ashitaba
Population Chalcone Intake from Intake from Intake from
P Ashitaba Ashitaba Ashitaba
Group Powder
Chalcone Chalcone Chalcone
Intake
(ma/day) Powder Powder Powder
— (mg/day) (mg/day) (mg/day)
Total Population 157 0.06 0.0008 0.05

3.2.5.3 Cumulative Intake of Flavones and Flavonols from Background Diet and Ashitaba
Chalcone Powder (8%)-Containing Foods

Flavones and flavonols are found in many conventional foods, including green plants, fungi, fruits,
green tea, and spices. However, there are limited and varying data available regarding the
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consumption levels of flavones and flavonols from conventional foods in the US. Given the ubiquitous
nature of flavonoids, and similar levels of quercetin, kaempferol, and luteolin reported for ashitaba
shoots by Yang et al. (2008) and those reported by USDA in select foods, as compared in Table 16, the
addition of Ashitaba Chalcone Powder (8%) to the diet under the proposed uses and use levels is not
expected to pose a safety concern.

Table 16. Reported Flavone and Flavanone Content of Conventional Foods

Quercetin Kaempferol Luteolin
Food (m /100 )
(mg/100 g) (mg/100 g) g/i00g
Ashitaba shoot® 121.7 1.7 95.8
Lovage, leaves, raw” 170.00 7.00 0.00
Onions, raw (Allium cepa)’ 1.50-90.75 0-1.41 0-0.19
Onions, red, raw” 5.90-191.70 0-4.50 0-1.10
Radicchio, raw (Cichorium
intybus)b 9.06-52.73 NR 16.60-77.27
Radish leaves® 70.37 7.72 NR
Rocket, Wl|d,.raVY (DblplotaXlS 66.19 178 NR
tenuifolia)

® Adapted from Yang et al. (2008)
® Adapted from USDA (2018), edible portion of plants
NR — Not reported

3.2.6 Summary

The EDI for JBSL-USA's Ashitaba Chalcone Powder (8%) was calculated based on proposed uses in
soft drinks, fruit preserves, candy containing chocolate, and butter, at the use levels detailed in Table
13, as well as proposed use as an ingredient in conventional foods at a maximum use level of 1120 mg
per day. The mean total EDI for all individuals was determined to be 15.9 mg Ashitaba Chalcone
Powder (8%), and the highly conservative ‘mean X 2’ was determined to be 31.8 mg Ashitaba
Chalcone Powder (8%). The maximum cumulative intake from all proposed uses for the highest
consumers is 157 mg Ashitaba Chalcone Powder (8%) per person per day. No appreciable daily intake
of ashitaba or ashitaba-derived ingredients is anticipated from the background diet; therefore, no
cumulative intake of ashitaba from the background diet and proposed uses can be determined.

The ADI for ashitaba chalcone powder of 3 mg per kg bw per day was calculated using a NOAEL of 300
mg per kg bw per day and a safety factor of 100, which is equivalent to 220 mg per person per day
(using 70 kg as the reference body weight for humans). The mean and ‘mean X 2’ EDI, as well as the
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maximum cumulative intake from all proposed uses, fall well-below the calculated ADI for Ashitaba
Chalcone Powder (8%) at 15.9 g, 31.8 g, and 157 mg, respectively.

Furthermore, intake assessments for chalcones, coumarins, flavones, and flavonones identified in A.
keiskei do not raise any cumulative intake safety concerns for the proposed uses and use levels of
JBSL-USA's Ashitaba Chalcone Powder (8%) as described herein.

3.3 Probable Consumption of Other Substances Formed In or On Food

No other substances are expected to be formed on or in food containing Ashitaba Chalcone Powder
(8%) under the intended conditions of use.

3.4 Dietary Exposure to Contaminants or By-Products

There are no known concerns regarding dietary exposure to potential contaminants or by-products of
Ashitaba Chalcone Powder (8%).

Part 4. Self-Limiting Levels of Use

There are no known self-limiting levels of use for Ashitaba Chalcone Powder (8%).

Part 5. Experience Based on Common Use In
Food Before 1958

There are no known common uses of A. keiskei or Ashitaba Chalcone Powder in foods in the United
States prior to 1958.

Part 6. Narrative

6.1 Introduction

A search of international regulatory actions on “ashitaba” and “Angelica keiskei" was conducted to
identify any relevant food use assessments. An online literature search was conducted using Google
Scholar and PubMed, current to May 17, 2021, using the terms “Angelica keiskei” and “ashitaba” to
identify references with relevant safety data on Ashitaba Chalcone Powder (8%). In addition,
publications regarding the two major active compounds in ashitaba, 4-hydroxyderricin (4-HD) and
xanthoangelol (XA), were also reviewed for relevant safety data. No confidential or non-public safety-
related data were reviewed.
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6.2 History of Use in Foods
6.2.1 History of Traditional Medicinal and Human Food Use

Ashitaba is native to Japan and has been consumed there as a vegetable for many years (Enoki et al.,
2010; Li et al., 2009; Maronpot, 2015; Ohkura et al., 2018; Ohkura et al., 2011; Zhang et al., 2019). It
has been reported that it was a staple of the Samurai diets for millennia (Knapton, 2019). In addition
to Japan, ashitaba is cultivated and consumed in other Asian countries including Korea, China, and
Taiwan (Ohkura et al., 2018). Fuji Keizai (2011) reported that ashitaba leaf powder consumption
averaged 149 metric tons between 2006 and 2011.

Today, ashitaba fresh leaves and dried powder are consumed as vegetables and as ingredients in
Japanese foods, including ashitaba tea, cakes, powder, candy, and a confectionary called yatshuhashi
(Akihisa et al., 2006; Akihisa et al., 2003; Inamori et al., 1991; Kim et al., 2014; Maronpot, 2015;
Takaoka et al., 2008). It is available in Tokyo restaurants that serve local agricultural products (Tokyo
Restaurants Guide, 2019). On the Izu island of Hachijojima, ashitaba is used as an ingredient in soba,
ice cream, green beer, and tempura, and is also prepared as a vegetable by boiling and serving with
soy sauce (Japanistry.com, 2019; Foster, 2005). On Hachijo Island, ashitaba is often cooked as
tempura or boiled as a vegetable, and 5o to 100 grams of leaves are eaten. Nagata et al. (2007)
estimated that there are 200 to 300 mg total chalcones per 100 grams of ashitaba leaf. Therefore,
each ashitaba serving would contain approximately 100 to 300 mg chalcones.

Ashitaba was included in a dietary intake study conducted by the Japanese Ministry of Health, Labour
and Welfare (JMHLW). Though the raw survey data is not provided, the results are available on
JMHLW's website.? The study surveyed the individual food intakes of 40,394 individuals, and the
reported average consumption of ashitaba preparations are summarized in Table 17.

Ashitaba is also commonly found as an ingredient in aojiru, a health food made from green vegetables
such as ashitaba, kale, mulberry leaf, and barley grass (Shibano et al., 2009; Sakamaki et al., 2006). In

a 2006 NPI Center article regarding the Japanese nutraceutical market, aojiru products were reported

to be “often made with kale and most recently ashitaba” and were the third most popular products on
Kenco.com (a popular Japanese e-drugstore) in 2005 (NPl Center, 2006).

3 Available at: https://www.mhlw.go.jp/english/topics/foodsafety/foodadditives/dl/syokuhinsessyuhindo-
english.pdf (Accessed on June 25, 2021)
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Table 17. Average Intakes of Ashitaba by Japanese Consumers"

Average Average
Average Number of intakegof intake of
Population Group Age Group weight individuals Anaelica Angelica,
(kg) surveyed " Ashigtjaba"'( ) “Ashitaba”,
91 boiled (g)
1-6 years
(avg. 3.8 years) 16.5 1,619 0.033 0.000
. 7-14 years
Children (avg. 10.6 years) 37.9 3,419 0.000 0.000
15-19 years
(avg. 16.8 years) 55.9 2,542 0.000 0.000
Aged >20 years
Adults (avg. 53.2 years) 58.8 32,814 0.042 0.042
Pregnant women Avg. 27.4 years 58.5 77 0.000 0.000
Nursing women Avg. 33.7 years 54.5 83 0.000 0.000
Total Population Avg. 45.4 years 55.1 40,394 0.035 0.034

® Adapted from Japanese Ministry of Health (Date Unknown).

6.2.2 Summary of the Regulatory History of Ashitaba
6.2.2.1 United States Regulatory History

A search of FDA's GRAS Notice Inventory* website using the terms “ashitaba” and “Angelica keiskei”
indicated that no GRAS notifications for ashitaba preparations have been filed by FDA as of May 17,
2021.

FDA's Poisonous Plant Database, lasted updated in May 2008, includes an entry for “asitaba” under
Germplasm Resources Information Network (GRIN)#405622. FDA's disclaimer for the database
indicates that the contents are for “scientific exchange” and provides access to studies and reports of
toxic “properties and effects on plants and plant parts” found in print literature through 2007.
Furthermore, FDA states the database is “neither error-free nor comprehensive.” It should be noted
that the article reference for “asitaba” was for a study in which 19 plants were screened for large
quantities of condensed tannins, which have been shown to inhibit trypsin activity. A. keiskei was not
found to contain condensed tannins (Horigome et al., 1988).

6.2.2.2 Canadian Regulatory History

A search of Health Canada’s website® using the terms “ashitaba” and “Angelica keiskei” indicated no
regulatory actions have occurred as of May 17, 2021.

“* Available at: https://www.accessdata.fda.gov/scripts/fdcc/index.cfm?set=GRASNotices (Accessed on May 17,
2021).
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6.2.2.3 European Regulatory History

The European Commission has summarized an application for ashitaba sap powder, submitted by
JBSL-USA, per the requirements of the Novel Food regulation and Article 10(1) of Regulation (EU)
2105/2283. The ashitaba sap powder, a blend of sap derived from A. keiskei and cyclodextrin as an
excipient (European Commission, 2019). A search of the European Commission’s website® using the
search terms “ashitaba” and “Angelica keiskei” did not identify any regulatory approvals.

A search of the European Food Safety Authority (EFSA) website’ using the terms “ashitaba” and
“Angelica keiskei” indicated no regulatory actions have occurred as of May 17, 2021.

A search of the United Kingdom'’s Food Standards Agency (FSA) website® using the terms “ashitaba”
and “Angelica keiskei” indicated no regulatory actions have occurred as of May 17, 2021.

6.2.2.4 Asian Regulatory History

“Angelica” is listed as an approved source of spice extract and tannin extract and as an approved plant
source of natural flavorings by the Japanese Ministry of Health and Welfare (Japanese Ministry of
Health and Welfare, 1996; 2014); while unspecified, this may be a reference to Angelica archangelica,
which is a different species.

The Japanese Ministry of Health and Welfare issued a report in May 2013 detailing the levels of
radioactive contaminants in foods. Along with other common vegetables and fruits, ashitaba was
listed in the “pre-marketed agricultural products” category. Ashitaba samples (“food origin” as Tochigi
Prefecture, Nasu-machi) were reported to have radioactive contamination levels of 4.1 Becquerel (Bq)
per kg for total cesium (Cesium-134 and Cesium-137) (Japanese Ministry of Health, 2013). These levels
do not exceed the standard limits established by the Ministry of Health and Welfare (Japanese
Consumer Affairs Agency, 2013; 2018). FDA's level of concern for Cesium-134 and Cesium-137 in infant
food and other food is 370 Bq per kg and the derived intervention levels are 1,200 Bq per kg (FDA,
2004).

Ashitaba stem and leaf was officially approved as a new food raw material by Announcement No. 2 of
2019 by the National Health Commission of the People’s Republic of China (NHC). Recommended
daily intake is < 50 g per day, where dry product consumption should be calculated based on fresh
product levels (CIRS, 2020).

A search of Korea’s Ministry of Food and Drug Safety website® using the terms “ashitaba” and
“Angelica keiskei” indicated no relevant regulatory actions have occurred as of May 17, 2021.

> Available at: https://www.canada.ca/en/health-canada.html (Accessed on May 17, 2021)
® Available at: https://ec.europa.eu/food/safety/novel food en (Accessed on May 17, 2021)
7 Available at: http://www.efsa.europa.eu/ (Accessed on May 17, 2021)

® Available at: https://www.food.gov.uk/ (Accessed on May 17, 2021)
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6.2.2.5 Australian/New Zealand Regulatory History

A search of the Food Standards Australia New Zealand (FSANZ) website™ using the terms “ashitaba”
and “Angelica keiskei” indicated no relevant regulatory actions have occurred as of May 17, 2021.

In an Initial Assessment Report and a Draft Assessment Report for Proposal P291 Review of Novel
Food Standard, FSANZ noted the inclusion of A. keiskei in a Korean supplement drink that also
contained Artemisia princes, Ganoderma lucidum, and Cordyceps. While the supplement drink was
deemed to contain non-traditional and novel foods ingredients, no application for use was submitted
(FSANZ, 2004; 2005). In the 2020 update to the “Record of views formed in response to inquiries,”
FSANZ listed the ashitaba-containing Korean supplement drink as a non-traditional and novel food,
with a note stating: “"Safety concerns [are] based on potential for adverse effects in humans.” FSANZ
did not specify the nature of the safety concerns or which ingredient or ingredients were of concern
(FSANZ, 2020).

6.3 Absorption, Distribution, Metabolism, and Excretion (ADME)
6.3.1 ADME Studies on Ashitaba Chalcones

Chalcones are open chain flavonoids (1,3-diaryl-2-propen-1-ones) that are ubiquitous in the plant
kingdom (Batovska and Todorova, 2010). The two most prevalent chalcones in JBSL-USA's Ashitaba
Chalcone Powder (8%) are 4-HD and XA. Therefore, ADME studies on 4-HD and XA are relevant to the
safety evaluation of JBSL-USA’s Ashitaba Chalcone Powder (8%).

Nakamura et al. (2012) investigated the absorption and metabolism of 4-HD and XA from oral
administration of ashitaba extract in mice. After acclimatization on commercial food and tap water for
one week, seven-week-old mice (male, number unknown) were administered via gastric intubation a
single dose of one of the following: 29 mg per kg bw 4-HD; 35 mg per kg bw XA; 50, 100, 200, or 500
mg per kg bw ashitaba extract (prepared from ashitaba sap powder and containing 145 pug per mg 4-
HD and 173 ng per mg XA, on a dry weight basis); or 5% polysorbate 8o (vehicle control). The
administered concentrations of purified 4-HD and XA were equivalent to those in the 200 mg per kg
dose of ashitaba extract.

Plasma concentrations of 4-HD and XA at 2 hours post-administration of ashitaba extract increased at
doses up to 200 mg per kg bw and decreased at the 500 mg per kg bw dose level. The plasma
concentrations of mice administered the 200 mg per kg bw dose of ashitaba extract at 0.5, 1, 2, 4, 6,
and 24 hours post-administration showed that both free and conjugated 4-HD and XA were present.
Maximum plasma concentrations of free and conjugated 4-HD occurred at 2 hours post-

9 Available at: https://www.mfds.go.kr/eng/search/searchEn.do (Accessed on May 17, 2021)
* Available at: https://www.foodstandards.gov.au/Pages/default.aspx (Accessed on May 17, 2021)
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administration of ashitaba extract, while maximum plasma concentrations of free and conjugated XA
were observed at 0.5 and 1 hour post-administration. The area under the curve for the 24-hour time
period post-administration of 200 mg per kg bw ashitaba extract indicated that the total plasma
concentration of 4-HD and its metabolites was approximately 4 times greater than the total plasma
concentration of XA and its metabolites.

A decreased time to maximum plasma concentration was observed for the individual 4-HD and XA
doses, at 1 hour and o.5 hour, respectively. However, no difference in the total levels of absorbed 4-HD
or XA were observed between mice administered the purified chalcones compared to the ashitaba
extract.

Urinary concentrations of 4-HD and XA were measured at 2, 4, 8, and 24 hours post-administration of
200 mg per kg bw ashitaba extract. Fecal samples were collected at 24 hours post-administration.
Urinalysis found that 4-HD, XA, and their metabolites were primarily excreted in their aglycone forms,
as glucuronate and/or sulfate, between 2 and 8 hours post-administration. In the feces, the aglycone
forms were prevalent, with only 0.4% 4-HD and 0.4% XA excreted in their intact form.

The concentrations of 4-HD and XA were measured in the liver, kidney, spleen, muscle, and white
adipose tissue (perirenal, epididymal, and mesenteric fat) to assess tissue distribution. The aglycone
forms of both 4-HD and XA were detected in all tissues examined except for mesenteric adipose
tissue, with 4-HD present primarily in the adipose tissues and XA present primarily in the liver and
mesenteric fat. The authors concluded that 4-HD and XA are rapidly absorbed and distributed to the
tissues.

6.3.2 ADME Conclusion

JBSL-USA has reviewed these ADME studies, and concludes that they do not raise any concerns about
the safety of Ashitaba Chalcone Powder (8%) when used as proposed herein. Furthermore, the
anticipated daily intake levels of total chalcones, as summarized in Part 3, is significantly lower than
the single dose of chalcones administered to mice (corresponding to 0.18 mg per kg total chalcones
for a 70-kg adult vs. 64 mg per kg total chalcones for a mouse).

6.4 Published Pivotal Safety Studies
6.4.1 Acute Toxicity Studies

Maronpot (2015) studied the acute oral toxicity of an Ashitaba Chalcone Powder (8% chalcone, JBSL-
USA) produced from A. keiskei sap. The study followed the Organisation for Economic Co-operation
and Development (OECD) Guideline 423 and was conducted following Good Laboratory Practice
(GLP) procedures. Six-week-old outbred Wistar rats (three male, three female) were given one dose of
2,000 mg Ashitaba Chalcone Powder per kg bw via gavage, which is equivalent to 160 mg chalcones
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per kg bw. The rats were fasted overnight prior to dosing and four hours after dosing. Clinical signs,
body weights, and macroscopic examination data were collected, and animals were observed for
mortality and clinical signs for up to 14 days post-treatment. No mortality, clinical signs, or gross,
treatment-related changes were observed at the 2,000 mg per kg dose level. Maronpot concluded
that the median lethal dose (LDs,) of Ashitaba Chalcone Powder is higher than 2,000 mg per kg bw
since no mortality was observed at that dose level.

6.4.2 Subacute Toxicity Studies

No subacute toxicity studies were identified in the published literature.

6.4.3 Subchronic Toxicity Studies

Maronpot (2015) investigated the effects of oral administration of an Ashitaba Chalcone Powder
(8.45% chalcones, JBSL-USA) produced from A. keiskei sap in a 13-week repeated dose study in six-
week-old Sprague Dawley rats. The study adhered to the Japanese Ministry of Health and Welfare
Ordinance No. 21 and Notification No. 424 for Conduct of Non-Clinical Studies on the Safety of Drugs.
Rats (22 males and 12 females per dose group) were administered olive oil (vehicle control) or
Ashitaba Chalcone Powder at doses of 100, 300, or 1,000 mg per kg bw per day via gavage in a volume
of 5 mL per kg bw. The rats were examined for clinical parameters, including appearance, nutritional
condition, posture, behavior, excrement before, immediately following, and two hours after
treatment or immediately before or after treatment. Necropsy, organ weight determination, and
histopathological analyses were conducted immediately on animals found dead during the study and
those animals euthanized at the end of the study. Body weight was measured on days 1, 4, and 7 of
the first week of treatment, after which it was measured at 3-4 day intervals prior to dosing. Food
consumption was measured three times in the first week of the study, and at subsequent 3-4 day
intervals. Ophthalmological examinations were conducted before the first dosing and during the final
week of the study. Urinalysis was conducted during the final week of the study, and hematological
analysis was conducted one day after the last day of treatment administration.

No treatment-related deaths were reported. One male from the 300 mg per kg bw per day Ashitaba
Chalcone Powder group died at week 10 due to intubation error and one male from the control group
died at week 12 with disseminated erythroblastic leukemia. No toxicologically-significant findings
were reported for body weight gain, food consumption, ophthalmological examination, or urinalysis.
At the conclusion of the study, hematological analysis revealed reduced hemoglobin in males in the
1,000 mg per kg bw per day dose group; however, the values remained within normal physiological
range and related erythrocyte counts and hematocrit values were also observed within normal
physiological range. Decreased platelet counts and increased coagulation indices observed in both
sexes were considered “marginal and not of toxicological concern” in the absence of clinical signs.

An increase in alkaline phosphatase (ALP) in males and females in the 1,000 mg per kg bw per day
dose group was observed. As no significant change in alanine aminotransferase (ALT) concentration
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and no significant increase in hepatocyte necrosis were observed, the increased level of ALP is not
thought to indicate liver toxicity. An increase in aspartate aminotransferase (AST) was observed for
females in the 1,000 mg per kg bw per day dose group; however, the large standard deviation
indicates the result is a potential outlier. Furthermore, small changes in ASP concentration are
frequently observed in non-clinical studies and are usually not considered adverse. Elevations in total
cholesterol and phospholipids were observed for males and females in the 1,000 mg per kg bw per day
dose group and triglyceride concentrations were also increased in males in the 1,000 mg per kg bw per
day dose group. Chalcones have been shown to increase cholesterol transport and circulating
triglycerides (Nagata et al., 2007; Ogawa et al., 2003); therefore, elevated serum levels of total
cholesterol, triglyceride, and phospholipids were not unexpected.

Minimal elevations in blood urea nitrogen (BUN) concentration for males and females in the 1,000 mg
per kg bw per day dose group were observed, but the values were within normal limits and there was
no concurrent increase in serum creatinine or changes in urinary measurements; therefore, the BUN
concentration was not considered toxicologically significant. In addition, while sporadic reductions in
sodium and potassium were observed in high-dose males, the levels were within the expected
electrolyte range for rats (Smith et al., 2013). It is possible that these observations reflect small
homeostatic effects related to small differences in the fluid balance and food consumption that are
not considered to be toxicologically significant (Hall, 2013). Elevations in the globulin fractions were
observed for males and females in the 1,000 and 3,000 mg per kg bw per day dose groups, though the
significance of these observations is questionable given the seemingly unremarkable total protein,
albumin, and A/G ratios.

Histopathological analyses revealed changes in the adrenal glands, cecum, jejunum, kidney, liver, and
stomach. The adrenal cortices of two male rats and three female rats in the 1,000 mg per kg bw per
day dose group displayed minimal elevation in cytoplasmic vacuolation. Cellular infiltration of the
cecal lamina propria was observed for 11 males (one in the control group; one in the 100 mg per kg bw
per day group; four in the 300 mg per kg bw per day group; and five in the 1,000 mg per kg bw per day
group) and for three females (one in the control group and two in the 1,000 mg per kg bw per day
group). In the jejunum, lymphangiectasia (dilated lacteals) were observed for the majority of high
dose males (n=11) and females (n=9). An increase relative weight of the kidney was observed for rats
in the 1,000 mg per kg bw per day dose group. Apparent dose-related renal tubular alterations (alpha
2-urinary globulin nephropathy) was observed for 29 male rats (seven in the 100 mg per kg bw per
day, 10 in the 300 mg per kg bw per day, and 12 in the 1,000 mg per kg bw per day dose groups,
respectively) and no female rats. In the liver, cytoplasmic vacuolation of periportal hepatocytes was
observed in 24 male rats (121 in the control group, six in the 100 mg per kg bw per day group, three in
the 300 mg per kg bw per day group, and four in the 1,000 mg per kg bw per day group) and 15 female
rats (four in the control group, one in the 100 mg per kg bw per day group, two in the 300 mg per kg
bw per day group, and eight in the 1,000 mg per kg bw per day group). In addition, diffuse hepatocyte
cytoplasmic vacuoles were observed in 27 male rats (five in the 100 mg per kg bw per day group, 11 in
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the 300 mg per kg bw per day group, and 11 in the 1,000 mg per kg bw per day group) and 13 female

rats (two in the 300 mg per kg bw per day group and 11 in the 1,000 mg per kg bw per day group). The
stomach showed minimal or mild thickening of the limiting ridge for one female in the 300 mg per kg
bw per day dose group, and four males and six females in the 1,000 mg per kg bw per day dose group.

The histopathology findings for the adrenals, parts of the small and large intestines, kidney, liver, and
stomach were independently examined by Experimental Pathology Laboratories (EPL) to assess the
adverse effects at the cellular level (EPL, 2012) and were summarized by Maronpot (2015). No
toxicologically significant findings were identified in an examination of the adrenals, cecum, and
stomach. The effects observed on the adrenal gland were reported to be frequently observed in rat
toxicological studies (Laast et al., 2014). Small periportal cytoplasmic vacuoles in the liver are
commonly observed in preclinical studies with rodents, and were not considered toxicologically
significant. Changes in the diffuse hepatocyte cytoplasmic vacuoles were observed only in rats treated
with Ashitaba Chalcone Powder and were attributed to intracytoplasmic triglycerides that result from
changes in lipid metabolism and which are usually reversible. No hepatocellular degeneration or
necrosis was observed, so the changes were not considered toxicologically significant. Renal data
were considered to be consistent with spontaneous chronic progressive nephropathy (CPN), an age-
related disease occurring in rats. The renal lesions were consistent with alpha 2-urinary globulin
nephropathy. However, neither CPN nor alpha 2-urinary globulin nephropathy are relevant to human
risk assessment; therefore, these findings are not toxicologically relevant to humans. In the jejunum,
the dilated lacteals were determined to be an unusual finding in preclinical toxicity studies, as no
chronic or granulomatous changes were noted. These adverse effects were noted in the jejunum at
the 1,000 mg per kg bw per day dose level. Based on this observation and the pathology review by
EPL, Maronpot determined the NOAEL for Ashitaba Chalcone Powder to be 300 mg per kg in male
and female rats.

JBSL-USA concludes that the totality of evidence from these toxicity studies, including physical,
hematological, and pathological results, supports the safety of Ashitaba Chalcone Powder (8%).
Furthermore, Maronpot’s pivotal acute toxicity and subchronic toxicity studies conducted with JBSL-
USA’s Ashitaba Chalcone Powder found the LDs, to be higher than 2,000 mg per kg bw in rats and the
NOAEL to be 300 mg per kg bw per day in rats, respectively, served as the basis for this GRAS
conclusion.

6.4.4 Reproductive and Developmental Toxicity Studies
No reproductive or developmental toxicity studies were identified in the published literature.
6.4.5 Cytotoxicity, Genotoxicity, and Mutagenicity Studies

Maronpot (2015) investigated the mutagenicity of Ashitaba Chalcone Powder (8% chalcone, JBSL-
USA) in a bacterial reverse mutation assay. The study adhered to OECD Principles of GLP. The test
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article was prepared by dissolving Ashitaba Chalcone Powder in dimethyl sulfoxide (DMSO) at a
concentration of 125 mg per mL. Bacterial strains S. typhimurivm TAg8, TA100, TA1535, TA1537, and
E. coli strain WP2 uvr A were used. The Ashitaba Chalcone Powder solution was added at
concentrations of 12.3, 37, 111, 333, and 1,000 ng per plate. Compared with the negative control, the
Ashitaba Chalcone Powder solution was cytotoxic for S. typhimurium strain TA100 in the presence and
absence of metabolic activation. The Ashitaba Chalcone Powder solution did not elicit a two-fold or
greater or a dose-related increase in the mean number of revertant colonies in any strains in either the
presence or absence of metabolic activation. The mean number of *his and *trp revertant colonies of
negative controls were within the acceptable range. The positive control groups had the expected
significant increase in the number of reverse mutants in the presence and absence of metabolic
activation. Maronpot concluded that Ashitaba Chalcone Powder is not mutagenic for the strains under
the study conditions.

A pair of studies were conducted by Maronpot (2015) to investigate the ability of Ashitaba Chalcone
Powder (8% chalcone, JBSL-USA) to induce structural chromosomal aberrations in Chinese hamster
ovary (CHO) cells. The studies adhered to GLP and OECD Guideline 473. The final concentrations of
Ashitaba Chalcone Powder in the culture medium ranged from 10 to 2,500 p1g per mL. Tests were
conducted in both the presence and absence of sg metabolic activation. By the end of the four-hour
treatment period, all cells in the 313, 625, 1,250, and 2,500 ng per mL Ashitaba Chalcone Powder
treatment groups were dead; therefore, the concentrations were considered cytotoxic and were not
used in subsequent studies.

In the first study, non-cytotoxic doses below 156 g per mL were tested. In the absence of metabolic
activation, treatment times were four and 18 hours, and in the presence of metabolic activation,
treatment time was four hours. Cells were harvested at 18 hours after the onset of treatment. At the
156 pg per mL treatment level, the mitotic index was reduced to 66% after four-hours in the presence
of metabolic activation, whereas lower doses (39 and 78 1g per mL) were not observed to effect
mitoses compared to the vehicle control. In the absence of metabolic activation after the four-hour
treatment period, all cells in the 156 ng per mL treatment group died prior to harvesting at 18 hours.
Thus, the highest concentration analyzed was 78 ng per mL Ashitaba Chalcone Powder. At the 78 ug
per mL treatment level, the mitotic index was 78% of the concurrent control in the absence of
metabolic activation. There was no reduction to the mitotic index for the 20 and 39 ng per mL
treatments compared with the concurrent control. There was no significant increase in the number of
aberrant cells at any concentration of Ashitaba Chalcone Powder that was analyzed.

In the second study, the cyclophosphamine positive control did not yield expected results at the 32-
hour sample timepoint; therefore, the assay was repeated. In the absence of metabolic activation,
treatment times was 18 hours, with harvesting at 18 and 32 hours. In the presence of metabolic
activation, treatment time was four hours, followed by harvesting at 18 and 32 hours. In the presence
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of metabolic activation, the mitotic indices for the 200 pug per mL, 250 ng per mL, and 300 pg per mL
treatment groups were 77%, 75%, and 78%, respectively. A significant increase in the number of
aberrant cells treated with 300 ng per mL Ashitaba Chalcone Powder was observed, which the author
attributed to the severe cytotoxicity of Ashitaba Chalcone Powder at this dose based on the first
study. There was no significant increase in the number of aberrant cells in the absence of metabolic
activation at any concentration of Ashitaba Chalcone Powder that was analyzed. Maronpot (2015)
concluded that Ashitaba Chalcone Powder did not induce genotoxic effects and was cytotoxic, but not
clastogenic, for CHO cells.

An in vivo micronucleus study was conducted to assess the ability of Ashitaba Chalcone Powder (7.2%
chalcone, JBSL-USA) to induce micronuclei in the bone marrow of Swiss CD-1 mice (Maronpot, 2015).
The study adhered to OECD Guideline 474 and GLP. A range-finding study was conducted on groups
of three male and three female mice at doses of 500, 1,000, and 2,000 mg Ashitaba Chalcone Powder
per kg bw. There were no observed differences in response based on sex; therefore, the main study
was conducted using male mice (n=14 per group). Mice were treated with either 2,000 mg per kg
Ashitaba Chalcone Powder, methylcellulose (vehicle control), or 70 mg cyclophosphamide per kg bw
(positive control). At 24 and 36 hours post-treatment, seven mice in each treatment group were
euthanized. There was no significant difference in the number of micronuclei in polychromatic
erythrocytes in the bone marrow of mice in the ashitaba-treated group compared to the negative
control group. The author concluded that Ashitaba Chalcone Powder is not genotoxic in vivo.

JBSL-USA concludes that the totality of evidence from these genotoxicity and mutagenicity studies
supports the safety of Ashitaba Chalcone Powder (8%).

6.4.6 Carcinogenicity Studies

No carcinogenicity studies were identified in the published literature.

6.4.7 Published Animal Studies

A large number of scientific studies have been published in which ashitaba and ashitaba-derived
preparations have been evaluated in laboratory animals. Any studies that were identified as
particularly valuable to the safety assessment of Ashitaba Chalcone Powder (8%) are discussed in
detail below; however, many studies did not monitor specific safety endpoints or report on adverse
effects. Since the observed metabolism and/or health effects of these in vivo studies may reveal
potential safety related concerns, a brief summary of studies is provided in Appendix 8.

Kimura and Baba (2003) reported that a 5o% ethanol extract of A. keiskei roots and an ethyl-acetate-
soluble fraction of the 50% ethanol extract reduced tumor volume and inhibited tumor metastasis
compared to the control group when administered orally twice per day for 30 consecutive days at 500
mg per kg bw or 200 mg per kg bw, respectively, starting 12 hours after implantation of tumor cells in
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female C527BI/6 mice. Neither the ethanol extract nor the ethyl acetate-soluble fraction had a
significant effect on the weights of the spleen or thymus.

The ethyl acetate-soluble fraction was further separated into two fractions, Fraction 1 and Fraction 2.
Both fractions, when administered orally at a dose of 100 mg per kg bw twice daily for 14 consecutive
days, inhibited tumor growth and metastasis to the lung. An increase in lung weight was also
observed. There were no changes to the spleen weight. An increased survival rate was observed in
mice from which the tumor was removed. XA was isolated from Fraction 2, and was administered at
50 or 100 mg per kg bw per day for 14 days, beginning 12 hours after transplantation of tumor cells
into the right abdomen of mice. On day 15, tumor volume was measured and tumor tissues were
resected. Beginning 23 hours after the resection of the tumor, XA was administered orally at 25 or 50
mg per kg bw twice per day, and the survival rate was monitored. Animals that had not already died
were euthanized on day 18. Oral administration of XA at 50 mg per kg bw twice per day was observed
to inhibit primary tumor growth and metastasis to the lung, reduce lung weight, prolong survival rate,
and increase the survival rate of the carcinectomized mice compared with tumor-bearing mice.
Administration of 25 mg XA per kg bw twice daily reduced tumor weight, but had no effect on lung
weight. The authors stated that XA “did not cause apparent adverse reactions” (Kimura and Baba,
2003).

In a follow-up study, Kimura et al. (2004) administered 4-HD, isolated from A. keiskei roots, to six-
week-old Lewis lung carcinoma (LLC)-bearing C57BL/6J female mice at doses of 25 or 5o mg per kg bw
twice daily for 14 days beginning 12 hours after implantation of the tumor cells. A group of mice were
treated with 5 mg per kg doxorubicin via i.p. injection on days 1 and 8. Tumor volume was measured
every two to three days. All LLC tumor-bearing mice lived to day 15. Tumors were removed from mice
on day 15 and weighed. Beginning 24 hours after tumor resection, mice were administered the same
treatment they received prior to surgery until they died. A group of sham operated mice and mice
whose tumors were not removed were given water alone according to the schedule above. Surviving
animals were euthanized on day 16. Oral administration of 4-HD at a dose of 25 or 50 mg per kg bw
twice per day resulted in a significant inhibition of tumor growth from day 8 to day 14. The
administration of 5o mg 4-HD per kg bw twice daily significantly inhibited the tumor weight on day 15.
Treatment with 4-HD prolonged survival times and increased survival rate compared to the tumor-
removed mice. In addition, treatment with 4-HD inhibited lung metastasis after removal of
subcutaneous tumors and the elevation of lung and spleen weight. A reduction in thymus weight in 4-
HD-treated mice from which the tumor was removed was also observed. For mice with intrasplenically
implanted LLC cells, oral administration of 5o or 200 mg 4-HD per kg bw per day for 19 days beginning
at 12 hours after tumor implantation decreased the weight of the tumor in the spleen, prevented
tumor growth and invasion of the white pulp of the spleen, induced surrounding of the tumor cells in
the white pulp of the spleen with lymphocytes, and inhibited growth of metastatic tumors in the liver.
When administered orally at a dose of 50 mg 4-HD per kg bw twice daily, CD4+, CD8+, and natural
killer cells were inhibited in the spleens of tumor-removed mice. At a dose of 100 uM, 4-HD inhibited
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DNA synthesis in LLC cells, but elicited no change in DNA synthesis in human umbilical vein
endothelial cells. At doses ranging from 10 to 1200 uM, 4-HD inhibited formation of capillary-like tubes
by human umbilical cord vein endothelial cells cultured in Matrigel. No adverse effects of 4-HD
administration were reported.

The effect of dietary A. keiskei stem juice extract on lipid metabolism in rats was investigated in a
series of studies conducted by Ogawa et al. Ashitaba stem juice extract was prepared from an ethyl
acetate and distilled water (4:1, v/v) extraction of A. keiskei stem juice. Six-week-old male stroke-
prone spontaneously hypertensive (SHRSP) rats were fed a control diet (n=6) or 0.2% ashitaba stem
juice extract added to the control diet (n=6) for six weeks (Ogawa et al., 2003). Food and water were
offered ad libitum. Body weight, average food intake, blood pressure, serum enzyme activity, total
liver lipids, cholesterol, phospholipid, triglyceride contents, and total RNA from the liver were
measured. There was no significant effect of A. keiskei stem juice extract on blood pressure. No
significant differences were observed in growth rate and food intake between the two treatment
groups. Furthermore, there were no significant differences in the treatment groups with respect to
glutamic oxaloacetic transaminase, glutamic pyruvic transaminase, alkaline phosphatase,
triglycerides or apolipoprotein B. Cholesterol, phospholipids, apolipoprotein A-l and apolipoprotein E
were significantly higher in the ashitaba stem juice extract group than the control group. The relative
liver weight and triglycerides in the liver were significantly lower in the ashitaba stem juice extract
group compared with the control group. Ogawa et al. (2003) concluded that ashitaba stem juice
extract may enhance reverse cholesterol transport and inhibit hepatic lipid accumulation. No adverse
effects were reported.

For subsequent experiments, laserpitin, 4-HD, and XA were purified from the ashitaba stem juice ethyl
acetate extract. Six-week-old male SHRSP rats were fed a diet containing the isolated compound for
seven weeks (n=six rats per dose group for all the studies). Dietary intake of 0.1% laserpitin (Ogawa et
al., 20053) resulted in a reduction in body weight gain after week four through week seven compared
to the control diet (no laserpitin) group, but there was no difference in food intake between groups.
Serum cholesterol, phospholipid, and apolipoprotein E (apo E) levels were significantly increased in
the laserpitin group, which was due to significant increases in cholesterol, phospholipids, and apo E
contents of the LDL and HDL fractions. No significant changes in apo A-1 and apo B were observed in
the serum. Blood pressure was unaffected by laserpitin consumption. There were no differences in the
serum concentrations of triglyceride and free fatty acids, apo B, and the apo A/apo B ratio between
groups. Significant decreases in serum glucose level, relative liver weight, and triglyceride content of
the liver were also observed. No adverse effects were reported.

Elevation of systolic blood pressure was significantly suppressed in male SHRSP rats treated with
0.07% 4-HD in the diet after four to seven weeks of treatment (Ogawa et al., 2005b). Serum levels of
cholesterol, phospholipids, and triglycerides were significantly reduced in the VLDL fraction without
concurrent effect on HDL levels and were associated with significant decrease in the serum

JBSL-USA June 25, 2021


http:stemjuiceextractonbloodpressure.No

GRAS Notice for Ashitaba Chalcone Powder (8%) | 51

concentration of fatty acids. Significant decreases in relative liver weight and triglyceride content of

the liver were also observed. There were no changes in body weight, growth rate, food intake, serum
cholesterol, serum phospholipid, and triglyceride. There were no changes in liver content of apo A-|,

apo B, apo E, or cholesterol. No adverse effects were reported.

Six-week-old male SHRSP rats were fed diets containing 0.02% or 0.1% XA in the diet for seven weeks
(Ogawa et al., 2007). There were no significant changes in food intake, body weight, or systolic blood
pressure over the course of the study. Significant dose-dependent decreases in relative liver weight
and total triglyceride content were observed in both XA treatment groups. In the 0.1% XA treatment
group, a significant decrease in total cholesterol in the liver was observed. Dose-dependent reductions
in cholesterol and phospholipid contents in the LDL fraction were reported. No significant changes in
serum concentrations of cholesterol, phospholipid, triglyceride, free fatty acids, glucose, and apo A-l,
apo B, apo E, or the apo B/apo A-l ratio were observed among the three groups. No adverse effects
were reported.

Enoki et al. (2007) studied the effect of ashitaba extract on five-week-old male KK-A’/Ta mice, which
develop diabetes and hyperglycemia with aging. Mice were divided into three groups of 7-10 animals
based on body weight and blood glucose level. Ashitaba extract was prepared by extracting dried,
powdered ashitaba roots with 100% ethanol, from which 4-HD and XA were purified. Mice were fed a
powdered diet containing 0.15% 4-HD or XA, or the control diet alone. Food and water were provided
ad libitum for four weeks. Body weight, food intake, and water intake were measured and blood
samples were collected from the tail vein for blood glucose levels. After two weeks, there were 50%
and 33% reductions in the elevation of blood glucose levels by ingestion of 4-HD and XA, respectively.

A subsequent seven-week study was performed to investigate the long-term effects of 4-HD intake on
hyperglycemia, polydipsia, and body weight (Enoki et al., 2007). The same animal model was used,
and pioglitazone (0.05% in the diet) was also tested for the ability to prevent the progression of
diabetes. The elevation of blood glucose levels was suppressed in the 4-HD group compared to the
control. Furthermore, 4-HD administration inhibited polydipsia. Both polydipsia and hyperglycemia
were almost completely suppressed in mice fed the experimental diet containing 0.05% pioglitazone.
Anincrease in body weight was observed in mice fed the diet containing pioglitazone, while mice in
the 4-HD group displayed body weights similar to the control group. The authors noted that “no
obvious toxicities or any other adverse effects” were observed in the 4-HD and XA treatment groups.

In a follow-up study, Enoki et al. (2010) evaluated the anti-diabetic effect of 4-HD on blood glucose
levels in hyperglycemic mice. The 4-HD test material was purified from an ethanolic extract of dried,
powdered ashitaba roots. Twelve-week-old male KK-AY/Ta mice were divided into two treatment
groups: 200 mg 4-HD per kw bw per day in 0.5% carboxymethylcellulose (n= 5) or
carboxymethylcellulose (n=5) for 18 days via gavage. Blood sugar levels were monitored in blood
collected from the caudal vein. Reduced blood glucose levels were observed on days 4 and 18 for mice
in the 4-HD group compared with the control; however, there was no significant difference between
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groups on day 11. No significant differences in body weight or general health of the mice were
observed between groups, and no adverse effects were observed during pathological analyses of the
organs at the conclusion of the study.

A study performed by Ohnogi et al. (2012a) examined the effect of an ethanol extract of A. keiskei on
insulin resistance and hypertriglyceridemia in fructose-drinking rats as a model for metabolic
syndrome. Dried ashitaba leaves and stems were washed with hot water, and the washed residue was
extracted with 9go% ethanol prior to concentration and drying. The resulting ashitaba extract
contained 7.30 g XA per kg and 3.45 g 4-HD per kg, which accounted for 97% of the total chalcones.
Six-week-old male Wistar rats were separated by body weight into three groups (n= eight rats per
group). The fructose group and the fructose-ashitaba extract group were given 15% fructose solutions
as drinking water and fed a powdered CE-2 diet, with and without 3% (w/w) ashitaba extract,
respectively, for 11 weeks. Rats in the normal group were fed the powdered diet and water. There
were no significant differences in body weight among the groups at the end of the experiment,
although the fructose and fructose-ashitaba extract groups had reduced daily food consumption and
increased daily fluid intake compared with the normal group. There was no difference in liver
triglycerides among the groups. Rats in the fructose group had significantly higher absolute and
relative liver weights than those in the normal group. Addition of ashitaba extract to the diet
significantly reduced the absolute and relative liver weights compared with the fructose diet group.
Furthermore, treatment with ashitaba extract significantly reduced the levels of blood glucose, serum
insulin, homeostasis model assessment insulin resistance (HOMA-R), serum triglycerides, and free
fatty acids compared with rats in the fructose-only treatment group; however, a significant increase in
total cholesterol and HDL was observed in the ashitaba extract treatment group compared to the
fructose-only and normal treatment groups. Ohnogi et al. (2012a) concluded that ashitaba extract
inhibited insulin resistance and hyperglycemia in rats that consumed fructose. No adverse effects
were reported.

Zhang et al. (2015) investigated the effect of an ethyl acetate extract of ashitaba on adiposity in mice
fed a high fat diet. Ashitaba extract containing 64.89 mg per g 4-HD and 84.86 mg per g XA was
prepared from an ethyl acetate extract of Ashitaba Chalcone Powder (JBSL). Six-week-old male
C57BL/6 mice were randomly divided into six group of six mice each and fed either the control diet or
high fat diet containing 30% (w/w) lard for 16 weeks. The diets were supplemented with 0%, 0.01%, or
0.1% ashitaba extract. After 16 weeks, mice were fasted for 18 hours and euthanized.

Body weights of the mice fed the high fat diet supplemented with 0.01% and 0.1% ashitaba extract
were significantly lower than the high-fat control mice from weeks 10 to 16. Supplementation with
ashitaba extract suppressed the high fat diet increased adipose tissue weight compared to the high fat
control, but did not affect the body weight or adipose tissue weight of the mice fed the control diet.
Total plasma cholesterol was significantly increased in the high fat control group compared with the
control diet group, whereas supplementation with ashitaba lowered the plasma cholesterol level to
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almost the same level as the control diet mice. Ashitaba did not affect plasma triglyceride and non-
esterified fatty acid (NEFA) levels in the control or high fat diet groups. High fat diet mice
supplemented with ashitaba extract displayed significantly lower hepatic total lipid, triglyceride, and
cholesterol levels than the high fat control mice, while ashitaba extract had no effect on the same
parameters in control diet mice. Plasma glucose, insulin, and HOMA-IR were significantly higher in the
high fat diet group compared to the control diet group; however, supplementation with ashitaba
extract in the high fat diet reduced all three parameters. No effect on plasma glucose, insulin, or
HOMA-IR was observed in mice fed the control diet. Furthermore, ashitaba extract ameliorated the
decreased adiponectin level in the high fat diet groups in a dose-dependent manner, where the 0.1%
treatment group had a similar adiponectin level as the control diet groups. No unscheduled animal
deaths or adverse effects were reported.

Li et al. (2016) studied the effect of XA on inflammation in high-fat diet-induced obese mice. Six-
week-old male C57BL/6J mice were fed a diet of commercial chow (CFR-1, control); a high-fat diet; or
a high-fat diet supplemented with 0.1 or 0.15% (w/w) XA for 14 weeks. The plasma concentration of
XA increased in a dose-dependent manner. Mice in the 0.15% XA supplementation group exhibited
significantly reduced body weight, adipose tissue mass, and liver triglyceride levels compared with the
high-fat diet group. No differences in food intake between the groups were observed. No adverse
effects were reported.

6.4.8 Summary of Animal Studies

JBSL-USA concludes that the totality of evidence from these animal studies, including physical,
hematological, and pathological results, in addition to the absence of reported adverse effects,
supports the safety of Ashitaba Chalcone Powder (8%). Furthermore, as previously stated, Maronpot's
pivotal acute toxicity and subchronic toxicity studies -- conducted with JBSL-USA's Ashitaba Chalcone
Powder -- found the LD, to be higher than 2,000 mg per kg bw in rats and the NOAEL to be 300 mg
per kg bw per day in rats, respectively, served as the basis for this GRAS conclusion.

6.4.9 Human Studies

Ohnogi et al. (2012b) examined the effect of ashitaba green juice treatment in an open label pilot
study. Ashitaba granules were prepared from dried leaves and stems that were powered and spray
dried with dextrin, with 198.7 mg chalcones per 100 g granules (134.5 mg XA and 64.2 mg 4-HD per
100 g granules, respectively). Nine Japanese adult subjects (seven male and two female) were selected
for the study based on one or more of the following criteria: waist circumference > 85 cm (males) and
> 9o cm for females, > 110 mg per dL fasting plasma glucose, > 150 mg per dL triglycerides, > 130/85
mmHg blood pressure, or < 40 mg per dL HDL-cholesterol. Study participants, aged 35 to 60 years,
were given 6.2 g of granulated ashitaba (12.3 mg chalcones) twice a day with water, at breakfast and
at supper, for eight weeks. None of the study participates were taking any medicine, had serious
health complaints, or had been diagnosed with a serious disease. Blood and urine samples were
collected at four-week intervals. Occult blood was observed in one male study participant in week
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four, but the authors did not consider it to be related to ashitaba ingestion. No severe symptoms were
observed during the study and adverse events included nasal mucus (n = one), sore throat (n = two),
and toothache (n = one). All subjects completed the study. Ohnogi et al. (2012b) concluded that no
serious clinical symptoms occurred and that consumption of ashitaba is safe.

Ohnogi et al. (2012c¢) evaluated the safety of ashitaba green juice powder (Takara Bio Inc., Japan) in an
open-label study on healthy and borderline mildly diabetic subjects. Ashitaba green juice powder was
prepared by drying, pulverizing, and sterilizing ashitaba granules with 5% dextrin. The chalcone
content (as XA and 4-HD) was 192. 1 mg per 100 g ashitaba green juice powder. Twenty-five subjects
with fasting blood sugar levels < 140 mg per dL were supplemented with 31.5 g ashitaba green juice
powder per day for 4 weeks. This level of consumption was 5-10X greater than the “standard amount”
of 3to 6 grams ashitaba green juice powder. Study participants were not allowed to consume drinks
and foods that have similar effects as ashitaba green juice powder. Blood tests and pathological
examinations were conducted at the beginning of the intervention period, at the end of the second
and fourth weeks, and at the end of a two-week-long post-observation period that began immediately
after the end of the fourth week of supplementation. Urinalysis occurred at the beginning of
intervention, at the end of the fourth week of supplementation, and during the post-observation
period. Physical tests, blood chemistry analysis, hematologic assessment, and an adverse effect
interview with a doctor were conducted.

Twenty-four subjects (11 men and 13 women, mean age = 51.75 + 9.34 years of age) completed the
study. One participant dropped out for unspecified reasons. A significant elevation in pulse rate was
observed at the end of the fourth week and at the end of the post-observation period. These were not
considered clinical abnormalities because the values remained within normal physiological range.
Ohnogi et al. (2012¢) noted that although significant hematological changes were observed during the
study period compared to baseline for several subjects, no clinical abnormality was confirmed.

Adverse reactions in the treatment group included hives and a sense of bloating in the lips and mouth
(n=1), stomatitis (n=1), and loose stool and/or a difficulty in defecating (n=4). The subject who
developed hives on the eighth day of the study discontinued the ashitaba green juice powder on day
13, took medication, and recovered. The cause for hives could not be specified because there was no
abnormality observed in the blood test and urinalysis and the participant had never consumed green
juice including ashitaba prior to the study. A test for allergy to other umbelliferous vegetables,
including parsley and celery, was negative. A doctor concluded that although it was possible that
there could have been an allergic response to the test article, the likelihood was low. Soft stools and a
sense of difficulty in defecating were thought to be possibly related to the consumption of the test
article, but were not considered clinically abnormal because symptoms were mild. Stomatitis occurred
in one individual beginning in the fourth week of the study, lasted for five days, and resolved on its
own. Because the symptoms were mild, temporary, and began after nearly four weeks of
supplementation, the relationship between consumption of ashitaba green juice powder and
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development of stomatitis was conserved by the authors to be low. Ohnogi et al. (2012¢) concluded
that there are no safety concerns associated with this level of intake of ashitaba green juice powder.

A two-part randomized, placebo controlled, double blind study was conducted to determine the effect
of JBSL-USA'’s Ashitaba Chalcone Powder on body weight and visceral fat in slightly obese adults
(Ohnishi and Hackel, 2017). The study protocol was approved by the Akihabara Medical Clinic Ethics
Committee and was conducted in compliance with the Declaration of Helsinki. Twenty-six overweight
(25 <BMl< 30) male and female adults aged 40-65 years old were randomly assigned into two groups
of 13 subjects (9 males and 4 females per group). Subjects received either placebo (control) or 200 mg
per day Ashitaba Chalcone Powder after dinner for 56 days. No significant changes were observed
within or between groups with regard to safety parameters, and no serious adverse events or
medically significant changes were observed. Furthermore, Ohnishi and Hackel (2017) concluded that
results of this two-part study support the safety of 200 mg per day Ashitaba Chalcone Powder
(equivalent to ~16 mg per day total chalcones).

A randomized, double-blind, placebo-controlled pilot study was conducted to evaluate the effects of
JBSL-USA's Ashitaba Chalcone Powder on metabolic health parameters in subjects with metabolic
syndrome (Kalman et al., 2018). Subjects were non-smokers aged 35 to 70 years of age. Inclusion
criteria included a waist circumference >40 inches for males and >35 inches for females, a BMI of 25.0
to 40.0 kg per m?, and the presence of one of the following indicators of metabolic syndrome: raised
blood pressure (120 to 160 mmHg systolic and 8o to 9o mmHg diastolic); > 150 mg per dL
triglycerides; < 40 mg per DL and < 50 mg per dL HDL for men and women, respectively; > 100 mg per
dL fasting glucose; and 5.7 to 7.0% HgAuc. Sixty adult subjects were randomly assigned to two groups
of 15 men and 15 women, each. Subjects received either a placebo (control) or 220 mg per day
Ashitaba Chalcone Powder (standardized to 3% 4-HD and 5% XA) for 12 weeks. One male subject in
the placebo group dropped out of the study after visit 2 (cause not reported). No significant changes
were reported within or between groups with regard to safety parameters. No adverse effects were
reported.

A significant increase in systolic blood pressure has not previously been reported in human clinical
studies. Ohnogi et al. (2012b) observed no changes in blood pressure in subjects treated with ashitaba
green juice prepared from the leaves and stems of A. keiskei. Ohnishi and Hackel (2017) monitored
blood pressure as a safety parameter in an 8-week study on ashitaba chalcone supplementation, and
reported that no significant changes were observed in safety parameters throughout the study. Given
the relatively small sample size (four subjects in the test group) of the Fuentebella et al. (2019) study,
it is possible that the observed increase in systolic blood pressure is an anomaly.

Rahmi et al. (2020) investigated the effect of A. keiskei extract in concurrence with nifedipine
treatment on the blood pressure of 30 post-partum women with hypertension. The study protocol was
not well-described by the authors, as the nature of the ashitaba extract, treatment doses, and
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duration of the study were not reported. While the study is of limited value in terms of assessing
safety parameters, it should be noted that no adverse effects were reported.

Additional studies have been performed on commercially-available green vegetable juice preparations
in which ashitaba is an ingredient. These studies provide limited relevant safety information, since it is
impossible to attribute any effects, adverse or otherwise, to A. keiskei. Therefore, a table summarizing
human studies on ashitaba-containing green juice mixtures is provided in Appendix 9. No potential
safety-related concerns were noted.

6.4.10 Summary of Human Studies

JBSL-USA concludes that the totality of evidence from these human clinical studies supports the
safety of Ashitaba Chalcone Powder at consumption levels of up to 157 mg per day.

6.4.11Biological Activity

The biological activity and mechanisms of action of an ingredient or components of an ingredient may
reveal potential safety related concerns. Therefore, a table summarizing of the studies on biological
activity of A. keiskei and preparations derived from A. keiskei is provided in Appendix 10. No potential
safety-related concerns were noted.

6.4.12 Overall Summary of Published Safety Studies

The primary evidence of safety for JBSL-USA’s Ashitaba Chalcone Powder (8%) comes from published
toxicological and clinical studies on JBSL-USA’s Ashitaba Chalcone Powder and related A. keiskei
preparations. Primary findings from the pivotal safety study by Maronpot (2015) include:

e Ashitaba Chalcone Powder (8% chalcone, JBSL-USA) showed no acute oral toxicity in rats after
a single dose of 2,000 mg per kg bw. Maronpot (2015) concluded the LDs, was great than 2,000
mg per kg bw since no mortality was observed at this dose level.

e Ashitaba Chalcone Powder (8.45% chalcone, JBSL-USA) showed no subchronic toxicity when
administered orally to rats in a 13-week study at doses up to 300 mg per kg bw per day. A
NOAEL of 300 mg per kg bw per day was reported (Maronpot, 2015).

¢ No significant toxicity was observed when a dose of 600 mg per kg bw Ashitaba Chalcone
Powder (JBSL-USA) was orally administered to rats in a go-day study, supporting the NOAEL
of 300 mg per kg bw per day, as reported by Maronpot (2015).

e No mutagenic effects were observed in multiple bacterial reverse mutation assays performed
on methanolic and ethanolic ashitaba extracts or ashitaba chalcone powder preparations
(Kwon et al., 2006; Ohnogi et al., 2012d; Maronpot, 2015).

e There are no known reports of allergenicity for JBSL-USA’s Ashitaba Chalcone Powder (8%).

JBSL-USA weighed the results of the subchronic toxicity studies more heavily than other rodent
studies or in vitro studies. Using the NOAEL from Maronpot (2015) of 300 mg Ashitaba Chalcone
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Powder per kg bw per day and a safety factor of 100, the ADI for Ashitaba Chalcone Powder in humans
can be calculated as 3 mg Ashitaba Chalcone Powder per kg bw per day or 210 mg Ashitaba Chalcone
Powder per person per day, using 70 kg as the reference body weight for humans. The Ashitaba
Chalcone Powder in the study was reported to contain 8.45% chalcones; therefore, the ADI can be
extrapolated to be equivalent to 17.7 mg chalcones per person per day.

The highly conservative ‘mean X 2" EDI of 31.8 mg Ashitaba Chalcone Powder per person per day is
expected to be significantly lower than the calculated ADI of 210 mg Ashitaba Chalcone Powder per
person per day.

Although JBSL-USA placed emphasis on studies conducted on ashitaba chalcone preparations, a
number of studies have been performed of various extracts or other preparations derived from the
leaves, root, or aerial parts of A. keiskei. Many of these preparations contain different concentrations
of the chalcones, flavones, coumarins, and other compounds found in ashitaba yellow sap. Therefore,
these studies provide supportive evidence for the safety of JBSL-USA’s Ashitaba Chalcone Powder
(8%). Key findings include:

e Ashitaba powder (plant part unknown) showed no acute oral toxicity in rats after a single dose
of 3,500 mg per kg bw ashitaba powder. A NOAEL of 3,500 mg per kg bw was reported
(Ohnogi et al., 2012d).

e Ashitaba powder (plant part unknown) showed no significant subchronic toxicity when
administered to rats orally for 13 weeks at doses up to 1,750 mg per kg bw per day. A NOAEL
of 1,750 mg per kg bw per day was reported (Ohnogi et al., 2012d).

e Animal studies that investigated the effects of ashitaba powder on serum and lipid profiles
and body fat accumulation (Nagata et al., 2007; Kim et al., 2012a) and hyperlipidemia and
hepatic steatosis (Kwon et al., 2018) reported no adverse effects or significant safety concerns
raised by pathological, biochemical, and physical observations.

e No safety concerns or serious clinical symptoms were reported in two open label studies on
ashitaba green juice, with intakes of 6.2 g granulated ashitaba (corresponding to 12.3 mg
chalcones) twice per day for eight weeks or 31.5 g ashitaba green juice (corresponding to ~60
mg chalcones) per day for four weeks. Adverse effects were considered mild and included
nasal mucus, sore throat, toothache, hives, stomatitis, loose stool and/or difficulty defecating
(Ohnogi et al., 2012b; ).

e Fuentebella et al. (2019) reported a significant increase in systolic blood pressure in subjects
with type Il diabetes mellitus following supplementation with 1,500 mg per day ashitaba for
two weeks. An increase in systolic blood pressure was not observed in other published clinical
studies by Ohnogi et al. (2012c¢) and Ohnishi and Hackel (2017).

e No adverse effects or safety concerns were reported by Oh et al. (2019) in a clinical study on
juice obtained from A. keiskei leaves.
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JBSL-USA'’s Ashitaba Chalcone Powder (8%) is manufactured under CGMP practices from the yellow
sap exudate of A. keiskei. Botanical identity is confirmed by microscopy and HP-TLC. Appropriate
limits have been established for moisture content, heavy metals, and microbial contaminants. JBSL-
USA’s Ashitaba Chalcone Powder (8%) consistently meets these specifications, as demonstrated in
data provided for five representative, nonconsecutive lots of material. Furthermore, representative
pesticides analyses have shown that there are no detectible residues in the material.

Based on the evidence of safety described herein, JBSL-USA concludes there are no safety concerns
with consumption of Ashitaba Chalcone Powder (8%) as an ingredient in conventional foods. While
there is limited documentation on history of use in the United States, ashitaba leaves and ashitaba
leaf juice are commonly consumed as food in Japan and Korea. Based on proposed uses in soft drinks,
fruit preserves, candy containing chocolate, and butter, the mean total EDI for all individuals was
determined to be 15.9 mg Ashitaba Chalcone Powder (8%), and the highly conservative ‘mean X 2’
was determined to be 31.8 mg Ashitaba Chalcone Powder (8%), with a total maximum consumption
estimate of 157 mg Ashitaba Chalcone Powder (8%). These estimated intakes fall well below the
calculated ADI of 210 mg per person per day and therefore there is a high presumption of safety from
the proposed use of Ashitaba Chalcone Powder (8%) as a conventional food ingredient.

Furthermore, a number of generally available, relevant toxicity studies, ADME studies, and clinical
studies were found in the published literature to support the conclusion that Ashitaba Chalcone
Powder (8%) is well-tolerated in humans. JBSL-USA asserts that well-qualified scientists would
conclude that Ashitaba Chalcone Powder (8%) is GRAS based upon available common knowledge and
scientific procedures.

6.5 Other Safety Considerations

6.5.1 Allergenicity

"\

A search of PubMed™ for the terms “ashitaba allergy,” “ashitaba hypersensitivity,” “Angelica keiskei
allergy,” and “Angelica keiskei hypersensitivity” yielded no results. There are no known reports of

allergenicity to JBSL-USA's Ashitaba Chalcone Powder (8%) or any other A. keiskei preparations.

6.5.2 Antinutritional Factors

A search of PubMed for the terms “ashitaba antinutritional factor” and “Angelica keiskei
antinutritional factor” yielded no results.

* Available at: https://www.ncbi.nlm.nih.gov/pubmed (Accessed on May 25, 2021)
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6.6 Conclusions

Based on the composite data and information presented herein, JBSL-USA has concluded that
Ashitaba Chalcone Powder (8%), meeting appropriate food grade specifications and manufactured
according to CGMP, is GRAS as an ingredient in conventional foods on the basis of scientific
procedures, in accordance with FDA's standard for food ingredient safety, i.e., reasonable certainty of
no harm under the intended conditions of use.
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Appendix 3. Microscopy and HP-TLC ID Documentation
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Appendix 4. Method of Analysis
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Appendix 5. Representative Certificates of Analysis
Appendix 5.1 Certificate of Analysis for JBSL-USA's Ashitaba Chalcone Powder Lot IACA6120
Appendix 5.2 Certificate of Analysis for JBSL-USA's Ashitaba Chalcone Powder Lot IACA6628
Appendix 5.3 Certificate of Analysis for JBSL-USA's Ashitaba Chalcone Powder Lot IACA7105
Appendix 5.4 Certificate of Analysis for JBSL-USA's Ashitaba Chalcone Powder Lot IACA8521
Appendix 5.5 Certificate of Analysis for JBSL-USA's Ashitaba Chalcone Powder Lot IACAg910
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Appendix 5.1 Certificate of Analysis for JBSL-USA's Ashitaba Chalcone Powder Lot IACA6120
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Appendix 5.2 Certificate of Analysis for JBSL-USA's Ashitaba Chalcone Powder Lot IACA6628
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Appendix 5.3 Certificate of Analysis for JBSL-USA's Ashitaba Chalcone Powder Lot IACA7105
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Appendix 5.4 Certificate of Analysis for JBSL-USA's Ashitaba Chalcone Powder Lot IACA8521
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Appendix 5.5 Certificate of Analysis for JBSL-USA's Ashitaba Chalcone Powder Lot IACAg910
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Appendix 6. Representative Pesticides Analysis
Appendix 6.1 Certificate of Analysis for JBSL-USA's A. keiskei sap Lot 120326
Appendix 6.2 Certificate of Analysis for JBSL-USA's A. keiskei sap Lot 130522
Appendix 6.3 Certificate of Analysis for JBSL-USA's A. keiskei sap Lot 150521
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Appendix 6.1 Certificate of Analysis for JBSL-USA's A. keiskei sap Lot 120326
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Appendix 6.2 Certificate of Analysis for JBSL-USA's A. keiskei sap Lot 130522
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Appendix 6.3 Certificate of Analysis for JBSL-USA's A. keiskei sap Lot 150521
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91401000
91402000
91405000

9140600

91703040

JBSL-USA

Appendix 7. NHANES Food Codes

Soft Drinks
92400000 Soft drink, NFS
92410310 Soft drink, cola
92410320 Soft drink, cola, diet
92410340 Soft drink, cola, decaffeinated
92410350 Soft drink, cola, decaffeinated, diet
92410360 Soft drink, pepper type
92410370 Soft drink, pepper type, diet
92410410 Soft drink, cream soda
92410510 Soft drink, fruit flavored, caffeine free
92410520 Soft drink, fruit flavored, diet, caffeine free
92410550 Soft drink, fruit flavored, caffeine containing
92410560 Soft drink, fruit flavored, caffeine containing, diet
92410310 Soft drink, ginger ale
92410710 Soft drink, root beer
92410720 Soft drink, root beer, diet
92411510 Soft drink, cola, fruit or vanilla flavored
92411610 Soft drink, cola, fruit or vanilla flavored, diet

Jelly, Jams, Preserves and Marmalade

Jelly, all flavors
Jam, preserve, all flavors
Jelly, sugar free, all flavors

Jam, preserve, marmalade, sugar free, all flavors

Candy Containing Chocolate

Caramel candy, chocolate covered

June 25, 2021
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91703060
91703070
91703200
91705010
91705020
91705030
91705040
91705060
91705200
91707010
91713030
91715100
91718100
91726130
91731010
91734100
91746100
91760500
Butter
81100500
81101000

81101010

JBSL-USA

Caramel with nuts, chocolate covered
Rolo

TWIX Caramel Cookie Bars

Milk chocolate candy, plain

Milk chocolate cady, with cereal

Kit Kat

Chocolate, milk, with nuts, not almond or peanuts
Milk chocolate candy, with almonds
Chocolate, semi-sweet morsel
Fondant, chocolate covered

Fudge, chocolate

SNICKERS Bar

Butterfinger

MILKY WAY Bar

M&M'’s Peanut Chocolate Candies
Reese’s Peanut Butter Cup

M&M’s Milk Chocolate Candies

Truffles

Butter, NFS
Butter, stick, salted

Butter, whipped, tub, salted

| 129
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Appendix 8. In vivo Studies

Numerous in vivo studies have been conducted on ashitaba and its constituents. While many studies
did not monitor specific safety endpoints or report on adverse effects, the observed metabolism,
health effects, and/or biological activity of these studies may reveal potential safety related concerns.
A summary of these published studies is provided in the table below.

JBSL-USA June 25, 2021



Appendix 8 Table 1. In vivo studies conducted on A. keiskei-derived test articles

Investigation

Animal Model

Test Material and Study Duration

Results and Observations

Comments

Reference

Anti-tumor activity

8-week-old female

ICR mice with TPA-

enhanced DMBA-
initiated tumors

1 mg 4-HD or 1 mg XA applied
topically, 2X per week for 20 weeks

4-HD and XA suppressed the
action of the tumor promoter

No adverse
effects reported

Okuyama et al.
(1991)

Anti-hyperlipidemic
effect

Sprague-Dawley
rats

i.p. injection of 200 mg per kg
methanol extract of A. keiskei aerial
parts or 5 mg per kg luteolin-7-O-§3-
D-glucoside isolated from A. keiskei

aerial parts daily for 2 weeks

Rats treated with A. keiskei
methanolic extract and luteolin-7-
O-B-D-glucoside had significantly

lower total serum cholesterol,
LDL cholesterol, atherosclerotic
index, total lipid, and triglyceride
values compared to the
hyperlipidemic control group

Article in Korean

Park et al.
(1995)

Anti-hyperlipidemic
effect

Male Sprague
Dawley rats

Rats were fed diets containing 5%
A. keiskei flour for 6 weeks.

Rats fed the A. keiskei
supplemented diet had decreased
plasma total cholesterol, LDL,
and triglycerides levels. A
decrease in triglycerides in the
liver and increases in fecal
cholesterol, total neural steroid,
and bile acid were also observed.

Article in Korean

Park et al.
(1997)

Anti-tumor activity

Female BALB/c mice

100 g ashitaba leaf was boiled in 2
L of water for 30 minutes to
prepare an extract of 30 mg per
mL. Mice were fed a standard diet
of RMI or RMI supplemented with
0.93 mL of extract for 14 days prior
to injection with 130,000 tumor
cells in the flank.

There was no significant
difference in food consumption or
weight gain between the control
and ashitaba leaf extract groups.
Consumption of ashitaba leaf
extract reduced tumor growth
and prevented tumor
development in some mice.

There was one
unscheduled
mouse death in
the control
group. No
adverse effects
were reported.

Sigurdsson et
al. (2005)

Anti-tumor activity

Mice with TPA-
enhanced DMBA-
initiated tumors

85 nM isobavachalcone topically,
2X per week for 20 weeks

Isobavachalcone suppressed the
action of the papilloma promoter

No adverse
effects reported

Akihisa et al.
(2006)

Anti-hyperlipidemic
effect

Rats

Rats were fed a standard diet
supplemented with 5% A. keiskei

Treatment with ashitaba powder
significantly lowered serum total

Article in Korean

Choe et al.
(2007)
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Investigation

Animal Model

Test Material and Study Duration

Results and Observations

Comments

Reference

powder for eight weeks.

cholesterol, LDL, and VLDL
levels, while an increase was
observed in HDL levels. There
was no observed effect on serum
triglyceride levels. Both quercetin
and isoquercetin were detected in
serum and liver, whereas
hyperoside was not detected in
rats supplemented with ashitaba
powder.

Effect on quality and
composition of chicken

eggs

560 ISA brown
laying hens

Hens were fed dried dietary whole
dried A. keiskei (0.1% or 0.3%) or
0.3% A. keiskei ‘peel’ for 12 weeks.

There were no differences
between the control and
supplemented hens with respect
to egg production, feed intake, or
egg mass. Egg yolk color, but not
egg or eggshell quality, was
improved with A. keiskei
supplementation. A non-
statistically significant increase in
the vitamin and polyunsaturated
fatty acid concentration of eggs
in the A. keiskei treatment groups
was also observed.

Article in Korean

Kang et al.
(2008)

Anti-hyperlipidemic

Female Sprague-

Rats were fed a high cholesterol
diet for 8 weeks, followed by basal
diet (control) or high cholesterol
diet with and without
supplementation with turmeric

Total serum cholesterol and LDL-
cholesterol decreased in the A.
keiskei extract and turmeric plus

A. keiskei groups compared to

Article in Korean

Kim et al. (2008)

effect Dawley rats extract, A. keiskei extract, or
turmeric and A. keiskei extracts control.
together.
To induce hypertriglyceridemia, Serum triglycerides were
i.p. injection of 0.5 g per kg bw P- | decreased in the A. keiskei extract
JBSL-USA June 25, 2021
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Investigation

Animal Model

Test Material and Study Duration

Results and Observations

Comments

Reference

407 was administered once every 3
days. Rats were fed a basal diet,
high cholesterol diet, turmeric
extract, A. keiskei extract, or
turmeric and A. keiskei extracts
together.

and turmeric plus A. keiskei
groups compared to control.

Anti-hepatotoxic effect

7-week-old male
Sprague-Dawley
rats

Methanolic ashitaba extract
prepared from dried, powdered
aerial parts, and was suspended in
0.5 carboxymethylcellulose. Rats
were treated with 200 or 500 mg
per kg bw ashitaba extract or
vehicle control via feeding needle
daily for 7 days before i.p.
administration of 1 g per kg bw D-
galactosamine (GalN) or 1 mL per
kg bw carbon tetrachloride (CCl,)
onday7.

After 24-hours of hepatotoxin
administration, rats treated with
ashitaba extract had reduced
GalN-induced elevation in liver
lipid peroxidation, plasma-
aspartate-transaminase, and
alanine-transaminase activities.
Treatment with 500 mg per kg bw
ashitaba extract prevented GalN-
induced elevation in triglyceride,
total cholesterol, and LDL levels.
Treatment with ashitaba extract
exacerbated the effects of CCl,,
as further elevation in aspartate-
transaminase, alanine-
transaminase, and lipid
peroxidation was observed.

No adverse
effects reported

Choi and Park
(2011)

Anti-tumor activity

6- to 8-week old
Kunming mice

Mice were inoculated with H22
hepatocarcinoma cells and were
divided into five treatment groups
(n=10 mice per group): saline
(control); 5, 20, or 40 mg per kg bw
per day chalcone (90% purity) by
intragastric lavage; or 20 mg per kg
cyclophosphamide via i.p. injection

once every other day for 10 days.

Significant reductions of the
proliferation rate of
hepatocarcinoma cells and
expression levels of proliferating
cell nuclear antigen and BCL-2
protein were observed in mice in
the 20 and 40 mg per kg bw per
day chalcone treatment groups
compared with control.

No adverse
effects reported

He et al. (2011)

JBSL-USA
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Investigation

Animal Model

Test Material and Study Duration

Results and Observations

Comments

Reference

Glucose uptake
promotion

7-week-old ICR mice

Single dose, oral administration of
50 mg per kg bw or 250 mg per kg
bw ethanol acetate extract of
ashitaba chalcone powder

Blood glucose analyzed at -60, o,
15, 30, 60, and 120 minutes after
glucose administration; Ashitaba

No adverse

Kawabata et al.

containing effects reported (2011)
extract suppressed acute
150.6 mg per g 4-HD and 146.0 mg h | .
per g XA 60 minutes prior to yperglycemia
glucose loading (1 g per kg bw)
i.p. injection of: 100 mg per kg
ashitaba stem sap; 25 mg per kg
bw ashitaba stem sap ethyl acetate
extract; 10 mg per kg bw ashitaba
stem sap chalcone-rich fraction; 10 | Lipopolysaccharide-induced PAI-
mg per kg bw ashitaba stem sap 1 production was inhibited in
coumarin-rich fraction; 5 mg per kg | mice treated with ashitaba stem
bw XA; or 5 mg per kg bw 4-HD sap ethyl acetate extract, the
Anti-thrombotic effect 7-week-old male kwl da.ily./ for 7 days, followed by anii.p. chalcone-rich fraction, and XA. No adverse Ohkura et al.
ICR mice injection of 0.05 mg per kg bw effects reported (2011)
lipopolysaccharides to induce
plasminogen activator inhibitor-1
(PAI-1) production
Oral administration of ashitaba
stem sap suspended in corn oil at | Lipopolysaccharide-induced PAI-
100 mg per mouse for 6 weeks, 1 production was inhibited in
followed by a subcutaneous mice treated with ashitaba stem
injection of 0.01 mg per kg sap
lipopolysaccharides
All treatments reduced ear
1-Fluoro-2,4- Topical administration of aqueous | thickness levels and ear epidermis
Atopic dermatitis dininitrobenzene extract, 5o% ethanol extract, 200% against swelling by DNFB Article in Korean Kim et al.
inhibition (DNFB)-induced ethanol extract, and the fresh juice inducement. Inflammatory (2012b)
C57BL/6 mice of A. keiskei cytokine IL-4 was inhibited in the
juice-treated group, and IL-13 was
JBSL-USA
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Investigation

Animal Model

Test Material and Study Duration

Results and Observations

Comments

Reference

inhibited in the juice and ethanol
extracts groups in a dose-
dependent manner.

Anti-amnesic effect

6-week-old male
ICR mice

Oral administration of o, 5, 10, 20,
or 40 mg per kg bw ashitaba leaf
ethanol extract, 10 mg per kg bw
tacrin (anti-amnesia positive
control), or 10% Tween 8o solution

Ashitaba leaf ethanol extract
reduced scopolamine-induced
acetylcholinesterase activity and
prevented reduction of brain-
derived neurotrophic factor

Ashitaba leaf
ethanol extract
had a sedative
effect on mice.

Oh et al. (2012)

. : . No adverse
(vehicle control) one hour prior to expression and camp response
S - . effects were
task; i.p. injection of 1 mg per kg element-binding protein reported
bw scopolamine 30 minutes later expression in the hippocampus. P '
Aqueous and ethanol extracts of
ashitaba leaf did not induce
Ontical drip of 100 ma per mL perforated ocular lesions, or
9-week-old male P P gp effect the size or turbidity, of the No adverse
. . aqueous or ethanol extracts : .
Eye irritancy New Zealand white . ) cornea, induce swelling of the effects were Son et al. (2012)
: prepared from dried, pulverized A. . .
rabbits (3 per group) o eyelid, and no emissions were reported.
keiskei leaf :
observed in the eye or
eyelid/eyelashes following
treatment.
Topical application of 16 md per Aqueous and ethanol extracts of
9-week-old male P PP gp ashitaba leaf did not affect No adverse
... . mL aqueous or ethanol extracts o
Skin irritancy New Zealand white . . damaged or unwounded skin in effects were Lee (2013)
) prepared from dried, pulverized A. ) :
rabbits . rabbits, and were considered not reported
keiskei leaf .
toxic.
Topical application of 0.5 mg per Aqueous and ethanol extracts of
. . . . No adverse
. . 7-week-old male mL aqueous or ethanol extracts ashitaba leaf did not induce skin
Phototoxicity . . . . o . effects were Lee (2013)
Hartley guinea pigs | prepared from dried, pulverized A. | irritation caused by UV radiation reported
keiskei leaf in guinea pigs. P
Rats were divided into four groups Significantly higher expression Abstract onl
Glucose uptake Male type 2 diabetic fed a high-fat diet, and were levels of glucose transporter 2 Article in Y Zhao et al.
promotion rats administered o, 5, 10, or 30 mg per and glucose transporter 4 were Chinese (2013)
kw bw ashitaba chalcones. observed in the liver and skeletal '
JBSL-USA June 25, 2021
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Investigation Animal Model Test Material and Study Duration

Results and Observations

Comments

Reference

muscles, respectively, for rats in
the high-dose group compared
with control. Significantly lower
levels of fasting blood glucose
and insulin were observed in the
high-dose group compared with
control.

Anti-inflammation
activity

Helicobactor pylori-

infected mice Supplementation with A. keiskei

Supplementation with A. keiskei
suppressed lipid peroxides,
myeloperoxidase activity, and
inducted of inflammatory
meditations, and activation of
NF-xB in H. pylori-infected mice.

Abstract only.

Kim et al.
(20164a)

Oral administration of a high-fat
diet supplemented with 0.12% or

Immunobhistological staining for
macrophage marker F4/80
showed fewer positive stains in
0.15% XA-treated mice than
control; gene expression of

Obesity-induced 6-week-old male 0.15% (w/w) XA for 14 weeks inflammatory markers MCP-1 and Nﬁ? adverse Li | 6
inflammatory response C57BL/6J mice tumor necrosis factor alpha (TNF- eftects were letal. (2016)
a) was suppressed by XA- reported.
treatment.
Oral administration of 0.15% (w/w) The anti-inflammatory effgct of
YA for 2 weeks XA was observed more quickly
than the anti-obesity effect.
Oral administration of 100 mg
Iyop.h|.I|zed ashitaba sap XA and 4-HD inhibit isolated
(containing 8.7 mg chalcones latel A
. . - k-old male including 8.7 mg XA and 2.9 mg 4- platelet aggre.ga’.clc?n, XA s the No adverse Ohkura et al.
Anti-thrombotic effect 7 \Il<ve(le|CR . HD. JBgL j 9 9 Mg 4 most potent inhibitor of LPS- effects were 6
W mice !  Japan) per mouse per induced shortened tail-bleeding reported. (2026)

day for seven days; a single
peritoneum injection of 100 mg
ethyl acetate extract (containing

in mice.

JBSL-USA
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Investigation

Animal Model

Test Material and Study Duration

Results and Observations

Comments

Reference

27.1mg XA and 13.8 mg 4-HD) per
kg bw or 10 mg purified chalcones
per kg bw was administered and
hour before i.p. injection with 0.05
mg per kg lipopolysaccharide (LPS)

Lipid accumulation
inhibition

Zebrafish embryos

Zebrafish embryos were fed twice
per day in embryonic water
containing standard diet (rotifers
and dietary pellets) or high fat
cholesterol diet for 10 days;
isobavochalcone isolated from A.
keiskei root was dissolved in DMSO
(100 nM) and added to embryonic
water for 10 days

Zebrafish embryos fed the high
fat cholesterol diet and
isobavochalcone did not develop
steatosis and a reduced
fluorescence level of lipids were
observed compared to control

No adverse
effects were
reported.

Lee et al. (2018)

Anti-tumor activity

6- to 8-week old
BRAF V600E/PTEN-
null mice with the
BRAFV600E
mutation
heterozygote and
PTEN loses with Cre

Topical treatment with 2.5 uL of
1.9 mg per mL 4-hydroxytamoxifen
for 3 days, followed by oral
administration of 10 or 50 mg per
kg bw XA or 4-HD via gavage daily
or beginning on study day 23.

Ingestion of 4-HD or XA
suppressed the occurrence and
development of melanoma, and
significantly reduced the tumor
weight of already-formed
melanomas.

No adverse
effects were
reported.

Zhang et al.
(2018)

Anti-myopathy effect

7-week-old male
Sprague-Dawley
rats (five groups of
six rats each)

Oral administration of 250 or 500
mg per kg bw per day ashitaba root
ethanol extract for 28 days; i.p.
administration of 1 mg per kg bw
dexamethasone for 7 days to
induce muscle atrophy

Treatment with 5oo mg per kg
ashitaba root ethanol extract
ameliorated the effects of
dexamethasone treatment.

No adverse
effects were
reported.

Kweon et al.
(2019)

Anti-thrombotic effect

Tsumura Suzuki
mice

Administration of ashitaba yellow
sap

Supplementation with ashitaba
yellow sap decreased food
efficiency and plasma
plasminogen activator inhibitor-1
compared to control. A decrease
in plasma glucose, insulin, TNF-q,

Abstract only.

Ohta et al.
(2019)

JBSL-USA
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Investigation Animal Model Test Material and Study Duration Results and Observations Comments Reference
and body weight gain, as well as a
decrease in liver PAI-1 protein
levels, was also observed
compared to control.
Treatment with 40 or 8o mg per
Huh7 human liver carcinoma cells kg per day XA ameliorated the
were injected into the tail veins of extensive inflammatory cell
mice (1 x 10’ cells per mL in saline). | infiltration observed in the lung
. . 5-week-old male ) L . . No adverse
Anti-metastatic . Mice were randomized into three tissue of the control group ina Yang et al.
. athymic BALB/c . effects were
activity : treatment groups of 6 mice each: dose-dependent manner. A (2019)
nu/nu SPF mice ) reported.
control or 40 mg per kg XA; or 8o reduction of pulmonary
mg per kg XA by i.p. injection. Mice metastatic nodules in the
were euthanized after 4 weeks. treatment groups compared with
control was also observed.
Comparable growth observed in
all treatment groups after 45
- . . . Significant incr in
Oral administration of commercial sudr?/iz/salsrlagteI ilncihz | 02 :ize;o% No adverse
Effectiveness as a feed Nile tilapia fry, feed supplemented with 0%, 5%, . > Tattao et al.
" ) ) ashitaba leaf groups compared to effects were
additive mean weight 0.3 g 10%, and 15% ashitaba leaf . (2020)
control, whereas a significant reported.
powder. S .
reduction in survival rate was
observed at 15%
supplementation.
, Infarct size and brain edema
Rats with cerebral shrank in middle cerebral arter Chao et al
Neuroprotective Effect ischemia XA . ery Abstract only. '
. occlusion upon treatment with (2021)
reperfusion XA

TPA - 12-O-tetradecanoylphorbol-13-acetate; DMBA - 7,12-dimethylbenz[a]anthracene; 4-HD - 4-hydroxyderricin; XA —xanthoangelol; i.p. -
intraperitoneal; LDL —low-density lipoprotein; VLDL -very-low density lipoprotein; HDL —high-density lipoprotein; GalN -D-galactosamine; CCl, —carbon
tetrachloride; PAI-1 —-plasminogen activator inhibitor-1; DNFB -1-Fluoro-2,4-dinitrobenzene; NF-KB —nuclear factor -kB; TNF-a —-tumor necrosis factor

alpha; LPS -lipopolysaccharide; DMSO —-dimethyl sulfoxide

JBSL-USA
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Clinical Studies with Ashitaba-Containing Test Articles

Appendix 9. Table 1. Human clinical studies on A. keiskei-containing green juice

Test Material and Study

nvestigation ubjects . esults an servations omments eference
| tigat Subject Result d Ob t C t Ref
Duration
Subjects were given 240 mL of
J . given 24 No adverse
commercially available Korean
. o effects were
20 male smokers green vegetable drink containing . .
o A significant reduction in reported. Test
(meanage=36.3+2.2 A. keiskei aqueous extract .
. lymphocyte DNA damage was material was a
. years) with no (amount unknown), kale extract, ) .
Effect on peripheral . : . . observed at the conclusion of the mixture;
previously diagnosed turmeric, and rooibos tea every . o T Kang et al.
lymphocytes DNA . o . study, including significant therefore, it is
medical conditions and | day for 8 weeks. Subjects were S . . : (2004)
damage . . . reduction in tail length, tail impossible to
an average cigarette asked to continue their normal : .
. . . moment, and percent DNA in the attribute the
consumption of 16.2+ | level of smoking, and to restrict ,
L Comet assay. observations to
2.6 packs per year. their intake of red, yellow, green o
A. keiskei extract
and orange vegetables and
. alone.
fruits.
There were no changes in serum
total cholesterol, LDL- Test material
cholesterol, or HDL-cholesterol :
35 Korean between the groups. In was a mixture;
> . Subjects received an A. keiskei group therefore, it is
hypercholesterolemic . treatment group subjects, the . .
Effect on i and turmeric extract (14 females . impossible to
. adults with 2200 mg LDL: HDL ratio and serum .
hypercholesterolemic and 7 males) or placebo (control, ) L attribute the Yun et al. (2009)
per dL serum total prostaglandin E, was significantly
adults 11 females and 3 males) for 4

cholesterol or 2130 mg
per dL LDL-cholesterol

weeks.

decreased. No changes were
observedinIL-1, IL-6, IL-8, 8-
isoprostane, malondialdehyde,
total antioxidant capacity, and
oxidized-LDL levels.

observations to

A. keiskei extract

alone. Article in
Korean.

Effect on postprandial
blood glucose levels

Men and women aged
20 years or older with
normal glucose

Single dose of commercially
available mixed vegetable juice,
"Kagome Yasai-ichinichi-

Ingestion of A. keiskei-containing
vegetable juice with or prior-to a
carbohydrate-based meal

Test material
was a mixture;
therefore, it is

Kasuya et al.
(2016)
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N . Test Material and Stud .
Investigation Subjects D?Jrlation vay Results and Observations Comments Reference
koreippon” (Kagome Co., Ltd., attenuated the elevation of post impossible to

tolerance during
medical check-ups for
the previous year and
who were not receiving
drug therapy.

Japan) containing various
vegetables including and
unknown amount of A. keiskei.

prandial blood glucose levels.

attribute the
observations to
A. keiskei extract
alone.

Effect on alcohol
hangovers

15 healthy adults (11
men, 4 women,
29.3%7.0 years old)

In a randomized, double-blinded
crossover study, subjects were
asked to abstain from alcohol for
3 days and fast for 12 hours prior
to the study. Juice was prepared
from A. keiskei, green grape, and
pear (1:1:1) using a low-speed
masticating juicer. Subjects
drank either 240 mL water
(control) or juice 30 minutes prior
to alcohol consumption (1.25 g
per kg weight) plus 100 g silken
soy curd followed by water or
juice.

Consumption of A. keiskei-
containing juice reduced the
increase of alcohol levels in
plasma and expiratory-air
following alcohol consumption.

Test material
was a mixture;
therefore, it is

impossible to

attribute the
observations to
A. keiskei alone.

Kim et al. (2018)

LDL -low-density lipoprotein; HDL —high-density lipoprotein
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Appendix 10. In vitro Biological Activity Studies

Appendix 10. Table 1. Biological activity studies conducted on A. keiskei-derived test articles in vitro

Investigation Test Article Comments Reference

XA and 4-HD inhibits pig gastric H" and

K(")-ATPase in a dose-dependent Murakami et al.

Inhibition of gastric H", (K')-ATPase | XA and 4-HD isolated from A. keiskei roots

manner (2990)
XA and 4-HD exhibit antibacterial
Antibacterial activity XA and 4-HD isolated from A. keiskei roots act|V|t|e§ agalnst. gram-positive Inamori et al
pathogenic bacteria, but not gram- (1991)

negative bacteria
XA and 4-HD interacted with the Ca**-

Anti-tumor activity 9 coumarins and 2 (':hal'cones isolated from calmodulin complex, which may result Okuyama etal,
A. keiskei roots . . . - (1991)
In anti-tumor promotion activity
Inhibition of arachidonic acid Xanthoangelol E isolated from A. keiskei Xanthoangeloll E inhibits the cyclo- .
.. oxygenase and lipoxygenase pathways | Fujita et al. (1992)
metabolism in platelets roots .
in platelets

. . . . XA and 4-HD isolated from A. keiskei yellow XA a.n.d'z,-HD gxh|b|t ant|bac.t§r|al Baba et'al. (.1998)

Antibacterial activity iament activities against gram-positive (Article in

P9 pathogenic bacteria Japanese)

Xanthoangelol B, C, and E inhibited
histamine release, XA and 4-HD

.y ess . . . L. enhanced histamine release, and
Inhibition of histamine release 6 chalcone isolated from A. keiskei roots !
xanthoangelol had no effect on

Nakata and Baba
(2001) (Article in

: . ) J
histamine release in compound 48/80 apanese)
treated rat peritoneal mast cells
XA, 4-HD, and xanthoangelols B, E, and
. . o . 2 Matsuura et al.
Artery relaxation 6 chalcone isolated from A. keiskei roots F inhibit phenylephrine-induced (2001)
vasoconstriction
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(3'R)-hydroxycolumbianadin are anti-
tumor promoters

Investigation Test Article Comments Reference
XA, 4-HD, xanthoangelols F and H,
isobavachalcone, laserpitin,
. . . 7 coumarins, 5 chalcones, 3 flavanones, and | isolaserpitin, 3'-senecioyl khellactone, Akihisa et al.
Antitumor activity 1 diacetylene isolated from A. keiskei sap 4'-senecioyl khellactone, pteryxin, and (2003)

Antioxidant activity

6 antioxidative compounds isolated from A.
keiskei aerial parts

Luteolin 7-O-B-D-glucopyranoside,
quercetin 3-O-B-D-galactopyranoside,
quercetin 3-O-B-D-glucopyranoside,
quercetin 3-O-a-D-arabinopyranoside,
kaempferol 3-O-a.-D-
arabinopyranoside, and luteolin 7-O-
rutinoside exhibited DPPH-radical-
scavenging activity.

Kim et al. (2005)

Antioxidant activity

Isoquercetin and hyperoside isolated from
A. keiskei (plant part unknown)

Isoquercetin and hyperoside inhibited
DPPH radical, ABTS radical, OH radical,
and H202, and H202-induced oxidative

DNA damage in human lymphocyte
cells, in a dose-dependent manner

Shim et al. (2005)
(Article in Korean)

Suppression of NF-kB

Xanthoangelols D, E, F, and XA isolated
from A. keiskei roots

Only xanthoangelol D suppressed basal
and TNF-a-induced endothelin-1
production by inhibiting NF-kB
activation in porcine aortic endothelial
cells

Sugii et al. (2005)

XA induces caspase-3-dependent

inhibited chemical carcinogenesis

Apoptosis in neu.roblastoma and XA isolated from A. keiskei sap apoptotic cell death in human ' Tabata et al.
leukemia cells neuroblastoma (IMR-32) and leukemia (2005)
(Jurkat) cells
Xanthoangelols I and J,
Antitumor activity 3 coumarins, 6 chalcones, 3 flavanones, and | isobavachalcone, osthenol, mundulea Akihisa et al.
1 diacetylene isolate from A. keiskei sap flavanone B, and 8-geranylnaringenin (2006)

JBSL-USA

June 25, 2021




GRAS Notice for Ashitaba Chalcone Powder (8%)

| 143

Investigation

Test Article

Comments

Reference

Apoptosis in neuroblastoma

6 chalcones isolated from A. keiskei sap

All chalcones exhibited cytotoxicity
against neuroblastoma cells;
isobavachalcone and xanthoangelol H
had no effect on normal cells

Nishimura et al.
(2007)

Apoptosis in neuroblastoma

XA isolated from A. keiskei sap

XA induces mitochondria-mediated
apoptosis in neuroblastoma cells

Motani et al.
(2008)

Superoxide-scavenging

Xanthokeismins A, B, and C, and
Xanthoangelol B isolated from A. keiskei
stems

Xanthokeismins A, B, and C, and
Xanthoangelol B exhibit superoxide-
scavenging activity with IC, values
ranging from 0.51to 1.1 uM

Aoki et al. (2008)

Apoptosis in stomach cancer cells

XA and 4-HD isolated from A. keiskei stems

XA and 4-HD induces apoptosis in
stomach cancer cells

Takaoka et al.
(2008)

Superoxide-scavenging

Luteolin, protocatechuic acid, guijaverin,
hyperoside, and cymaroside isolated from
A. keiskei leaves

Luteolin and protocatechuic acid
showed DPPH radical scavenging
activity.

Jo and Park (2008)
(Article in Korean)

Anti-allergenic agent

Selinidin isolated from A. keiskei sap

Selinidin suppresses immunoglobulin E-
mediated mast cell activation

Kishiro et al.
(2008)

Antitumor activity

g chalcones, 5 coumarins, 4 flavanones
isolated from A. keiskei roots

4-HD exhibited potent cytotoxic
activity against human tumor cell lines
HL60 (leukemia), CRL1579 (melanoma),
As49 (lung), and AZ521 (stomach)

Akihisa et al.
(20112)

Anti-inflammation activity

6 chalcones isolated from A. keiskei leaves

2',4' 4-trihydroxy-3'-[2-hydroxy-7-
methyl-3-methylene-6-
octaenyl]chalcone, 2',4',4-trihydroxy-
3'-geranylchalcone, and 2',4',4-
trihydroxy-3'-[6-hydroxy-3,7-dimethyl-
2,7-octadienyl]chalcone inhibit IL-6
production in TNF-a-stimulated MG-63
cells.

Shin et al. (2011)
(Abstract only)

Metabolic syndrome prevention

6 chalcones isolated from A. keiskei roots

Ashitaba root chalcones induce the
production of adiponectin in 3T3-L1
adipocytes

Ohnogi et al.
(2012€)
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Investigation

Test Article

Comments

Reference

Melanin biosynthesis inhibition

4-HD, XA, xanthoangelol H, and
deoxyxanthoangelol H isolated from A.
keiskei stem

4-HD, XA, xanthoangelol H, and
deoxyxanthoangelol H inhibited
melanin formation in B16 melanoma
cells, with IC, values ranging from 11.6
to 21.4 uM, with low observed
cytotoxicity.

Arung et al. (2012)

Monoamine oxidase inhibition

XA, 4-HD, and cymaroside isolated from A.
keiskei aerial parts

XA non-selectively inhibits monoamine
oxidase (MAO), with IC,, values of 43.4
uM and 43.9 uM for MAO-A and MAO-
B, respectively. XA inhibited dopamine
B-hydroxylase with an 1C, value of 0.52
uM. 4-HD selectively inhibits MAO-B
(ICg value of 3.43 uM) and mildly
inhibits dopamine B-hydroxylase (DBH)
activity. Cynaroside is a potent DBH
inhibitor, with and IC,, value of 0.0410
1M.

Kim et al. (2013)

Adipocyte differentiation inhibition

4-HD and XA isolated from Ashitaba
Chalcone Powder (JBSL, Japan)

4-HD and XA inhibit adipocyte
differentiation by downregulating the
expression of adipocyte-specific
transcription factors in 3T3-L1
adipocytes

Zhang et al. (2013)

Anti-inflammation activity

7 chalcones isolate from A. keiskei aerial
parts

4-HD, xanthoangelols B and E, and
xanthokeismin A inhibited nitric oxide
(NO) production and the expression of
IL-1p and IL-6 in LPS-activated
microphages, suppressed the
degradation of inhibitory-kBa, and
suppressed the translocation of NF-kB
into the nuclei of LPS-activated
microphages.

Chang et al. (2014)

Xanthine oxidase inhibition

16 metabolites isolated from A. keiskei root

4-HD, XA, isobavachalcone, and

Kim et al. (2014)
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bark, stems, leaves, and root cores

Comments

Reference

values ranging from 8.1 to 54.3 uM

xanthoangelols B and F exhibited mixed
inhibition of xanthine oxidase, with IC,,

Anti-inflammation activity

4-HD and XA isolated from ashitaba
chalcone powder (JBSL, Japan)

4-HD and XA reduced
lipopolysaccharide-induced production
of nitric oxide, secretion of tumor
necrosis factor-alpha, and expression of

inducible NO synthase and
cyclooxygenase-2; 4-HD and XA
reduced phosphorylation of the p65g
subunit of NF-kB

Yasuda et al.
(2014)

Heat shock protein inducing
activity

parts

13 chalcones isolated from A. keiskei aerial

(£)-4,2"'-4'-trihydroxy-3'-[(6E)-2-
hydroxy-7-methyl-3-methylene-6-
octenyl]chalcone activated the hsp2sg
promoter, and increased expression of
HSF1, HSP70, and HSP27, without any
significant cellular cytotoxicities. 4,2’-
4'-trihydroxy-3'-[(2E, 5E)-7-methoxy-
3,7-dimethyl-2,5-octadienyl]chalcone
also activated the hsp2s5 promoter.

Kil et al. (2015)

Anti-thrombotic effect

(source not reported)

4-HD, XA, and xanthoangelols B, D, E, and F

XA suppressed TNF-a-induced PAI-1
increased in a dose-dependent manner,
and was cytotoxic to EA.hyg26 cells at
25 uM; none of the other test articles
inhibited TNF-a-induced PAI-1
increase, though xanthoangelol was
significantly cytotoxic to EA.hyg926 cells
atio uM

Ohkura et al.
(2015)

Anti-inflammation activity

JBSL-USA

4-HD and XA isolated from A. keiskei roots

4-HD and XA moderated the
suppression of uncoupling protein 1
promotor activity and gene expression
in C3H10T1/2 adipocytes, and inhibited

c-Jun N-terminal kinase

Li et al. (2016)
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Investigation

Test Article

Comments

Reference

phosphorylation, NF-kB, and activator
protein 1.

Inhibition of viral proteases

g chalcones and 4 coumarins isolated from
A. keiskei leaves

Xanthoangelol E exhibited potent
chymotrypsin-like protease and papain-
like protease activities against severe
acute respiratory syndrome
coronavirus, with IC, values of 11.4 and
1.2 uM, respectively.

Park et al. (2016)

Anti-hepatotoxic effect

Ethanol extract of dried A. keiskei (plant part
unknown)

Ethanolic extract of A. keiskei prevented
acetaminophen-induced hepatotoxicity
in HepG2 human hepatocellular liver
carcinoma and HepaRG human hepatic
progenitor cells by increasing cell
grown and decreasing lactate
dehydrogenase leakage in a dose-
dependent manner. Ethanolic extract of
A. keiskei also modulates the expression
of Bcl-2 family proteins and decreases
the cleavage level of caspase-9, -7, and-
3 and PARP under acetaminophen-
induced hepatotoxicity.

Choi et al. (2017)

Cell proliferation effects

8 compounds isolated from A. keiskei aerial
parts

(-)-cis-(3'R,4'R)-4'-O-B-D-
glucopyranoside, 3'-[(2E)-5-carboxy-3-
methyl-2-pentenyl]-4,2’,4'-
trihydroxychalcone, (1)-4,2’,4'-
trihydroxy-3'-[2-hydroxy-2-[tetrahydro-
2-methyl-5-(2-methylethenyl)-2-
furanyllethyl]chalcone, (R)-O-
isobutyroyllomatin, 3'-O-
methylvaginol, (-)-jejuchalcone F,
isoliquiritigenin, davidigenin, and (+)-
liquiritigenin exhibited cell proliferative
effects on Hep3B human hepatoma

Kil et al. (2017)

(Abstract only)
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Investigation

Test Article

Comments

Reference

cells and showed dose-dependent
protection against oxidative stress.

Antituberculosis activity

Ethanol extract of freshly dried A. keiskei
stem

Ethanolic extract of A. keiskei stem
displayed a minimum inhibitory effect
from 6% to 8% (w/v) on Mycobacterium
tuberculosis strain H37Rv.

Kusuma et al.
(2018)

Dipeptidyl peptidase-1V inhibition

4-HD isolated from A. keiskei sap

4-HD inhibits dipeptidyl peptidase-1V
with an IC, value of 81.44 pM.

Aulifa et al. (2019)

Effect on osteoclasts and
osteoblasts

4-HD isolated from A. keiskei chalcone-rich

powder (JBSL, Japan)

4-HD inhibited formation of
multinucleated osteoclasts in culture
and induced osteoblastic
differentiation.

Hagiwara et al.
(2019)

Anti-metastatic activity

Synthesized XA

XA suppressed human hepatocellular
carcinoma cell migration, invasion, and
epithelial-mesenchymal transition, as
well as induced autophagy by activating
the AMPK/mTOR signaling pathway.

Yang et al. (2019)

4-HD - 4-hydroxyderricin; XA —xanthoangelol; DPPH —1,1-diphenyl-2-picryl-hydrazl; ABTS -2,2'-azino-bis(3-ethylbenzo-thiazoline-6-sulfonic

acid); OH -hydroxide; IC,, —half maximal inhibitory concentration; MAO -monoamine oxidase; DBH —dopamine B-hydroxylase; NO —nitric

oxide; LPS -lipopolysaccharide; TNF-a —-tumor necrosis factor alpha; PAI-1 —-plasminogen activator inhibitor-1
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